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PERIODICITY IN BODY TEMPERATURE AND 
HEART RATE 

N. KLEITMAN and A. RAMSAROOP 1 
From the Department of Physiology of the University of Chicago 
. CHICAGO, ILLINOIS 

It has been known for over a century that the human body 
temperature is not constant, but exhibits regularly recurring fluctua- 
tions. A diurnal, or 24-hour, cycle is related to the influence of the 
daily routine of work, meals, rest, and sleep. A longer cycle in men- 
struating women has been established more recently, but there are 
no consistent data on a seasonal or annual temperature rhythm in 
either sex. The heart rate, which is much more labile than body tem- 
perature, has also been found to show a diurnal variation, but figures 
pertaining to longer-term periodicity are few and contradictory. 
Furthermore, the relation between body temperature and heart rate, 
although very definite in cold-blooded animals, as well as in hyper- 
thermia in man, has not been clearly demonstrated in the latter under 
normal conditions of every-day existence. It is our purpose to present 
observational data on human body temperatures and heart rates 
which bear on their diurnal, menstrual and seasonal periodicity; the 
individual form and constancy of the several cycles ; the endogenous 
and exogenous factors that influence them; and, finally, the close 
interrelation between the two variables studied. 

The tools employed were the ordinary clinical thermometer and 
the second hand of a watch or clock. Most of the data were obtained 
by self-observation. The subjects established a routine of existence 
that they tried to maintain for months, or even years (with occasional 
breaks for vacations), and those who were temperamentally unfit for 
regular hours, or wearied of gathering figures, dropped out. For this 
reason, and also because it takes some weeks to adjust oneself to the 
fife of a “human guinea-pig” the study was intensive, rather than 
extensive. In all, about two dozen subjects were studied, but this report 
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is based on data on ten subjects, six male and four female. Of the male 
subjects, NK, JN, and HF were middle-aged, and AR, JM, and ML, 
younger adults; of the females, RN and EH were young adults, and 
HK and EK, teen-age sisters. 

For the diurnal cycle, mouth temperature and radial pulse were 
determined at two-hourly intervals during the waking hours, and once 
or twice during sleep, the subject being aroused by an alarm clock set 
for a definite hour. The thermometer was kept under the tongue for 
a full five minutes, then read to the nearest 0.05°F., and the pulse 
counted during this period until two successive half-minute counts 
showed no difference. The observations were made in the sitting or 
lying position, after at least 15 minutes of rest. Precautions were 
taken not to expose oneself to outside air during the winter months 
for half an hour prior to making temperature readings. Likewise, hot 
and cold liquids were avoided for an equal length of time. By a simple 
code-marking system, the subjects indicated on their temperature and 
pulse charts the incidence of meals, taking of tea or coffee; activities, 
such as work or recreation (card playing, movies, etc) ; the occurrence 
and duration of day-time naps, and the time of going to bed and get- 
ting up. Meals were timed to follow rather than precede observations. 
As a longer time unit, the week was found more suitable than the 
month, since most of the day-to-day variations in routine follow the 
days of the week. For the menstrual cycle, the day of the onset of 
menstruation (M) was adopted as the zero point, from which days were 
counted backward as well as forward. Figures obtained from October 
to March were applied to winter, while May to August was considered 
the summer season. For statistical treatment the"“t” method of Fisher 
(1941) was employed, and differences were designated as significant 
when the probability of their being due to chance was less than one 
in a hundred (P<0.01). Data for each individual were usually ana- 
lyzed separately, and attempts were made to bring out not only 
similarities, but also differences among the several subjects. 

I. The diurnal cycle of body temperature. The existence of this cycle 
hardly needed confirmation, but the many thousands of temperature 
readings we have accumulated permitted us to determine the time of 
incidence and the constancy of the maxima and minima, as well as the 
degree of dispersion or concentration of the values pertaining to 
particular phases of the various cycles. In the several parts of fig. 1 and 
upper part of fig. 3 are histograms, arranged horizontally, for the 
frequency with which certain temperature readings occur at different 
hours in individual subjects. The ranges of readings for almost any 
hour often exceed the range of the mean diurnal body temperature 
curve. Yet, distinct modes can usually be made out in frequency 
distribution curves, formed by the right-side ends of the histograms. 
The 6 a.m. temperatures of parts A and B of fig. 1, pertaining to one 
person, show at once the least dispersion and greatest resemblance to 
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the conventional probability curves. Although the mean maxima of 
both curves are at 2 p.m. and minima at 2 a.m., many 2 p.m. tempera- 
tures are lover than some 2 a.m. values. On the contrary, parts C and 
D, also of one individual, show a much greater concentration of 
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Fig. 1. Frequency distribution histograms of mouth temperatures of 6 subjects, 
all male, as determined for the different hours of the day and night. The vertical tem- 
perature scale is the same for all eight parts, the horizontal (number of readings for 
each temperature value) is to be referred to the length of the bar, next to each letter, 
which length represents 20. The succession of hours is not to be considered a scale, 
as these hours are only reference points to the sets of bars above them. A, 3192 tempera- 
ture readings, 10 per day, of NK, during the summers (mid-May to mid-October) of 
1941, 2, and 3; B, 3352 readings for the same subject, during the winter months (Oct- 
ober to March) of 1941, 2, 3, and 4; C, 3254 readings, 12 per day, of AR during the sum- 
mers (June to August) of 1941, 2, and 3; D, 3236 readings for the same subject in the 
winters (December to February) of 1940, 1, 2, 3, and 4; E, 656 readings, 9 per day, of 
HF from March to May of 1942; F, 1019 readings, 9 per day, of JH from February to 
August of 1942; G, 357 readings, 9 per day, of JM from February to April of 1942; and 
H, 2962 readings, 10 per day, of ML from June 1942 to June 1944. Total number of 
temperature readings, over 18,000; number of diurnal cycles, over 1,800. 

temperature values for every hour of the day and night. In C all the 
temperatures taken from 11 a.m. to 7 p.m. are higher than all the 
temperatures from 11 p.m. to 6 a.m. The maxima of both C and D are 
at 3 p.m. ,while the minima occur at 3 a.m. giving a 12 hour separation 
of the two, as in parts A and B. Frequency distribution curves of the 
incidence of the maxima and minima, not reproduced here, also re- 
semble probability curves, with a greater dispersion of the hours of 
individual daily maxima than of the daily minima. This results in a 
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smoother peak and a sharper trough of the diurnal curves, seen even 
more clearly in the mean diurnal temperature curves for the same 
subjects in the right-side portions of fig. 2. Part G of fig. 1 resembles 
parts A to D, even though it is confined to the waking hours and is 
based on a rather small number of days. The mean maximum is 



Fig. 2. Mean body temperatures and heart rates for the successive hours of the diur- 
nal cycle. Solid lines, body temperatures, scales on the left of the curves; broken lines, 
heart rates, scales to the right. Arrows indicate usual meal times. Upper left, data for 
168 days, January to June, 1944, 1° corresponding to 10 heart beats; lower left, data 
for 126 days, June to October, 1944, 1° corresponding to 20 heart beats. The frequency 
distribution of the temperatures upon which the means in both left-hand figures were 
based are shown in fig. 3. Upper right, data for 175 days, May to October, 1943, and 
lower right, for 224 days, May to October, 1943. 

98 . 81 °, falling at 2 p.m., and the rise is somewhat steeper than the 
fall. 

A different type of curve is shown in part H of fig. 1. This person’s 
temperature modes are all the same from noon to 4 p.m., although the 
2 p.m. mean is the highest, but the maximum daily temperature is 
reached only at 8 p.m. The minimum is 4 a.m. (not shown in the 
figure), the maximum-minimum interval being about 8 hours. A simi- 
lar relationship is found in the upper part of fig. 3, where there is 
little change in temperature from 2 to 6 p.m. (also pictured in the 
upper left part of fig. 2), but the maximum is at 8 p.m. and the mini- 
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mum at 2 a.m., or perhaps a little later. In any case, the maximum- 
minimum interval is about six hours, resembling part H of fig. 1 in 
this respect also. We thus have four individuals whose diurnal tem- 
perature minima occur at about the same time, during sleep, while 
the maxima are reached either in the afternoon or in the evening, but 
are constant for the particular person. 

A third type of curve is seen in parts E and F of fig. 1. Instead of 




Fig. 3. Frequency distribution histograms of mouth temperatures of RN, female, 
arranged in the same way as in fig. 1. The mean values of these temperatures are 
plotted in the solid lines of the left-hand parts of fig. 2. 


a peak, there is a plateau, which is quite distinct in E, and almost 
extreme in F. In E the morning rise is small, and the modes axe the 
same, 98.0°, from 8 a.m. at 8 p.m. The mean temperatures do not vary 
more than 0.02° from noon to 4 p.m. In F the rise is sharper from 6 
a.m. to 10 a.m., but thereafter the mode is the same, 98.6°, till 10 p.m. 
From noon to 8 p.m., the mean temperatures do not vary by more 
than 0.07°. This is the only subject whose temperature was the 
hypothetical 98.6° in about 40% of all thie readings made between 
10 a.m. and 10 p.m. 

II. The diurnal cycle of heart rate. Though one of the most labile 
of physiological values, the heart rate figures arranged in frequency 
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distribution histograms show the same picture as do body temper- 
atures in figs. 1 and 3, and are therefore omitted. However, the mean 
diurnal curves of heart rates are usually less smooth than the cor- 
responding temperature curves (fig. 2), and in most subjects the heart 
rate tends to rise sharply after meals. In the upper left part of fig. 2 
there are three such post-prandial rises, while in the lower right part 
of the same figure, with only two meals per day, there are two sharp 
heart rate peaks, at 10 a.m. and 8 p.m. In the upper right part, how- 
ever, a complete parallelism exists between the mean diurnal curves 
for body temperature and heart rate, every upturn and downturn in 
one being closely followed in the other. By and large, the heart rates 
of these, as well as other subjects studied, all show distinct diurnal 
curves, and by adjusting the scales, these curves can be seen to cor- 
respond to the body temperature curves, with a swing of one degree 
F. involving a change of 10 to 20 heart beats per minute, the exact 
equivalents varying with the individual and with the daily routine 
followed. These equivalents are roughly 20 beats in NK, 15 beats in 
AR, 10 beats in RN under regular routine and 20 beats under a 
schedule of night work and daytime sleep. Further correlations be- 
tween the two variables studied will be brought out in considering the 
endogenous and exogenous influences on the organism. 

III. The effects of changes in daily routine. A marked shift in the 
hours devoted to sleep, as well as to work, led to a rapid change in 
the diurnal temperature and heart rate curve of RN. In a week’s 
time, her mean lows for both variables were at 4 p.m., the end of her 
sleep period, as contrasted with 2 a.m., the middle of the night under 
the usual routine (left top and bottom of fig. 2). However, if one 
examines the distribution of temperature figures for the same sub- 
ject in fig. 3, one finds little difference between the 2 a.m. and 6 a.m. 
values of the night sleep, and the noon and 4 p.m. values of the day 
sleep. More significant is the rapid rise in temperature upon getting 
up at 4 p.m., compared to a much slower one on a daytime work 
routine (figs. 2 and 3). The 8 p.m. high, although exceeded slightly by 
the 4 a.m. and 8 a.m. peaks, still corresponds to the usual 8 p.m. maxi- 
mum, thus showing a failure to obliterate completely the usual 
temperature cycle, in spite of a relatively prompt change-over of the 
diurnal temperature curve to conform to the new routine. Another 
important difference between the mean temperature curves of RN 
is the range of 1.57° under usual conditions and one of 0.83° with day- 
time sleep. Yet, a glance at fig. 3 reveals that the over-all distribution 
of temperature figures is about the same under the two regimes, 
about 3°, with only some 2 a.m. temperatures in night sleep falling 
much below 97°. The difference in the mean curves may be connected 
with sleep under the shifted routine occurring during the warmest 
part of the diurnal cycle and wakefulness during the coolest, but the 
instability of the temperature cycle, as reflected in the lack of distinct 
temperature modes for 6, 8 and 10 p.m., following daytime sleep, is 
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also a factor. By contrast, the adaptation of the heart rate cycle to 
the new conditions is very good, the post-prandial peaks appearing 
in the proper places (except after the 6:30 a.m. "supper” which was 
closer than usual to bed-time), the mean diurnal range, 28.8 beats, 
not differing from the normal range of 27.1 beats. 

Smaller shifts in routine, of 3 or 4 hours, lasting from 6 to 10 weeks 
at. a time, were made by AR and NK. Fig. 4 shows a mean weekly 
“getting up” temperature of 97.2° for AR after arising at 3 a.m. for 
a number of weeks. Changing the hour of getting up to 6 a.m. raises 
the basal temperature, with a gradual descent to the previous figures. 
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Fig. 4. Basal, or “getting-up,” temperatures for XS2 consecutive days of AR. Dots 
represent individual temperature readings, bars, the weekly means. 


The same sort of effect, but in the opposite direction, is produced by 
once again shifting the getting up hour to 3 a.m. 

The mean diurnal body temperature range was only slightly in- 
creased (from 1.86° to 1.93°) during these shifts for AR, but in the 
case of NK, during two six-week periods of going to bed between 2 
and 3 a.m. and three similar periods of going to bed between 6 and 7 
p.m., the mean diurnal temperature range was 1.62°, compared to a 
mean range of 1.45°, when going to bed at the usual time (about 11 
p.m.). The daily maxima and minima were more scattered during 
shifts than under the normal schedule, with the former tending to be 
bimodal. On the whole, a better adjustment of the body temperature 
curve to the new schedule occurred when the onset of sleep was 4 
hours later than usual, after 2 a.m., than when it was set 4 hours 
earlier, after 6 p.m. 

IV. The menstrual cycle. Data were first gathered on the two sisters 
(HIC and EK) each of whom started taking evening and morning 
mouth temperatures shortly after she began to menstruate. Fig. 5 
shows the frequency distribution of temperatures for successive days 
of the menstrual cycle, counting back from the first day of menstrua- 
tion (M) for HK, and a similar distribution, not illustrated, had been 
obtained for EK. The outstanding feature is the almost complete 
parallelism between the evening and morning temperatures, the 
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former a little over one-half degree higher. There is a slow decrease 
during the first half of the cycle, with a mean low of 98.18° on the 
evening of day — 16, and a low of 97.59° on the morning of day — 15. 
Then there is a sharp rise with almost a plateau till two days before 
the onset of menstruation, when there occurs a sharp dip which is 
carried over into M day and beyond. The temperature ranges of the 
mean menstrual curves amounted to 0.74° (evening) and 0.76° 
(morning) for this subject, but individual swings were usually greater, 
as ovulation which coincides, or shortly follows, the low point of the 
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Fig. 5. Frequency distribution histograms of daily mouth temperatures of HK 
before going to bed at night and immediately upon getting up in the morning, arranged 
with respect to the first day of menstruation (M). Horizontal bars to the right of each 
title represent 10 temperature readings. Data start with the second cycle after the onset 
of menstruation and are based on 34 periods, between Nov. 11, 1941 and Nov. 26 1944. 
As some of the early menstrual cycles were apparently anovulatory, their exclusion 
from this series would make the temperature mid-period rises much steeper. 


cycle did not always occur on the same day. Thus, an analysis of the 
34 cycles whose data were used for fig. 3 shows that the low evening 
temperature occurred between day —20 and day —13, with a mean 
of —15.3. The individual evening temperature swings of the several 
cycles varied from 0.70° to 2.15°, the mean range amounting to 1.19° 
(97.34°-98.53°). Although the mean morning temperature range was 
almost exactly the same, 1.20° (97.93°-99.13°), the latter varied only 
from 0.60° to 1.65° for individual cycles, and the statistical significance 
of the mean morning range was higher. The inconstancy of the day of 
ovulation is also shown by ranges of the mean temperature curves of 
the other three subjects, as compared with their mean swings: the 
former are 0.65°, 1.05°, and 0.83°, while the latter are 1.03°, 1.22°, and 
1.12° for EK, EH, and RN, respectively. In fig. 6, the composite 
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basal, or getting-up, temperatures and the corresponding heart 
rates are shown for these three subjects, as grouped about the low 
temperature day (0) of the cycle and the first day of menstruation 
(M). It can be seen that the menstrual temperature curve is mono- 
cyclic and fairly smooth, while the heart rate curve is definitely di- 
cyclic and jagged. With respect to 0 day, the heart rate rises steeply 
on + 1 day and drops almost as much on +2 day, whereas the body 
temperature continues on its upward course, though in progressively 



Fig. 6. Composite mean curves of basal mouth temperatures and heart rates of three 
subjects. The day of low temperature, followed by a steep rise, in each cycle was arbi- 
trarily designated as O day, and the data for — and + days were arranged to straddle 
this day of supposed ovulation. M day is the first day of menstruation and was therefore 
fixed for each cycle. Out of a total of 37 cycles, whose values furnished the means for 
these curves, there were 13 of EK (Feb. 6, 1947 to Jan. 13, 1948), with O day varying 
from —8 to —13, and a mean of —10.8; 13 of EH (Nov. 12, 1945 to Nov. 13, 1946), 
with 0 day varying from —14 to —18, and a mean of —16.3; and 11 of RN (Jan. 1 to 
Nov. 27, 1944), with 0 day varying from —11 to —16, and a mean of —13.8. The 
breaks in the curves are necessitated by the inequality in the intervals separating 0 and 
M days in the different subjects, and in the several cycles of each subject. 


smaller increments. This combination of heart rate and temperature 
changes makes it possible to fix the location of 0 day in the cycle with 
greater accuracy than by temperature figures alone. A second peak of 
heart rate, higher or lower than the first, is reached before menstrua- 
tion, and is followed by a sharp drop, coinciding with, or slightly pre- 
ceding, the pre-menstrual body temperature fall. 

For BN, who took her temperature and heart rate 10 times daily 
(fig. 3), the mean daily temperatures and heart rates, which we call 
the temperature and heart rate levels, fall into the same curve with 
respect to 0 and M days, as do her basal values. In other words, the 
menstrual curves are the same, whether based on one, two, or ten 
daily readings. There seems to be an exogenous, probably nervous, 
influence on the onset of menstruation, as has been pointed out by 
many writers. Of the two sisters studied, the older, HK, had a mean 
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menstrual cycle of 32.6 days for the twenty periods, from November, 
1941 to September, 1943, before EK began to menstruate. From then 
until the end of 1945, HK had 26 cycles, whose mean duration was 
exactly the same, 32.6 days, while EK had 27 cycles, with a mean 
of 28.7 days. The difference in duration, 3.9 days, was highly signifi- 
cant, and days of onset were often far apart. From January to Novem- 
ber of 1946, however, each girl had 10 cycles, with means of 29.1 
and 28.7 days respectively, and, in addition, the days of onset of 
menstruation were, on the average, only 3 days apart. 

Menstrual periodicity is abolished during pregnancy and lactation, 
but each of the latter affects body temperature and heart rate. Al- 



Fig. 7. The relation between mean basal body temperatures and heart rates of EH 
during pregnancy (Dec. 10, 1944 to June 26, 1945), subsequent period of non-men- 
struation (July 12 to Nov. 11, 1945), and one year of 13 menstrual cycles (Nov. 12, 
1945 to Nov. 12, 1946). Both temperatures and heart rates are higher in pregnancy 
and lower in lactation than they are during regular menstruation cycles. 

though our results are limited to a single pregnancy and subsequent 
lactation (or, at least, non-menstruation period), they are clear-cut 
and quite marked. As shown in fig. 7, pregnancy figures for both 
temperature and heart rate were highest, those for lactation, lowest. 
That seasonal differences were not responsible was found by dividing 
the menstruation data into two portions, one to conform seasonally 
to pregnancy and the other to lactation, and plotting them separately. 
While the graphs crisscrossed, they were essentially superimposable 
and just as distinctly below the pregnancy curve and above the lacta- 
tion one, as is the combined menstruation curve in fig. 7. Further 
treatment revealed that for a range of 97.4° to 98.4°, comprising 78% 
of all the pregnancy temperature figures, the mean heart rate was 
68.4; for a range of 97.2° to 98.4°, making up 87% of menstrual cycle 
temperatures, the mean heart rate was 62.9; and for a range of 96.8° 
to 97.4°, or 76% of the lactation temperatures, the mean heart rate 
was 56.5. The higher value of the mean heart rate during lactation 
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when the basal temperatures were 97.6° to 97.8°, as compared to the 
mean heart rate during the menstruation cycles for the corresponding 
temperature range, is easily explained by the dicyclic heart rate curve 
and the monocyclic temperature one during each menstrual cycle, 
which tends to make the heart rate curve almost a horizontal line 
between 97.4° and 98.2°. 

V. Seasonal Periodicity. Among the exogenous influences on body 
temperature, and thus indirectly on heart ra,te, there is the seasonal 



Fig. S. The variations in successive 5-day body temperature levels of two subjects 
during 1942 and fluctuations of outdoor temperature levels for corresponding periods. 

variation in external temperature. Lest this appear contradictory to 
the statement that there was essentially no difference in the tempera- 
ture and heart rate figures for the different seasons in the menstruation 
curve of fig. 7, it should be pointed out that the latter applied only to 
"getting-up,” or basal, values. Indeed, a reference to parts A and C 
of fig. 1, representing summer body temperatures and parts B and D 
of the same figure for winter data, will reveal that the 6 a.m. temper- 
atures are the same for both seasons and, as already indicated, have 
the most prominent modes, 97.2° to 97.4°. for both NK and AE 
(the same can be said about the basal heart rates, not shown in figure) . 
Otherwise, the occurrence of temperatures over 99.0° is more fre- 
quent for both subjects, and the modes are less prominent, in the 
summer. In the winter, when the inside temperature is kept at a 
fairly uniform level of about 70°, one lives in an artificial climate, and 
external temperature variations have no chance to impose their ef- 



Volume 43 


12 ' KLEITMAN AND RAMSAROOP 

feels on body temperature under the conditions prescribed for making 
observations. 

To bring out the effects of external temperature we determined the 
mean of the 10 or 12 observations made at the different hours, which, 
as mentioned, is designated as the temperature level for the whole 24 
hours. Fig. 8 shows the fluctuations of such body temperature levels, 
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Fig. 9. Mean body temperature and heart rate levels of AR for days when the out- 
door temperatures fell into the categories shown in the abscissae, for 1943 and 1944. 
The absence of a 85-89° interval in the 1943 graphs was due to a cooler summer in that 
year. 


means of successive 5 days of each month throughout 1942, for AR 
and NK. It can be seen that the two body temperature levels rise and 
fall, independently of each other and of outdoor temperatures during 
the cold months of the year. Only between the middle. of May and the 
end of September, the period when no artificial heat is supplied, is 
there a parallellism among the three curves, the warmest five-day 
stretch of outdoor temperatures corresponding to the highest body 
temperatures for both subjects. Furthermore, from March to May, 
when the external temperatures were going up, and after September, 
when they began to fall, the body temperatures were no different than 
during January, February, and March. We have similar curves for 
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other years, as well as for heart rate levels, obtained in the same 
manner as temperature levels. The relationship between the external 
temperature and the levels of heart rate and body temperature is 
shown in fig. 9. The temperature and pulse values for outdoor tem- 
peratures from 20° to 60° were omitted as they lie on an essentially 
horizontal line, both variables beginning to rise, first gradually, and 
then steeply, only ’after the outdoor temperatures exceed 60° (“no- 
heating” season). 

Similar curves can be drawn from the data on body temperature 
and heart rate levels available for NIC and RN. These data also afford 
an opportunity to determine by how many beats the pulse is increased 
as the body temperature rises with the external temperature. From 
fig. 9 it can be seen that, for AR, in 1943 a rise in temperature level 
of 0.17° entails an increase in heart rate of 3.7 beats per minute, cor- 
responding to 21. S beats per degree F. In 1944, for the same subject, 
a temperature swing of 0.34° is accompanied by a rise in pulse of 6.9 
beats, or 20.3 beats per degree F. Correlation coefficients between the 
changes in body temperature and those in heart rates are very high, 
0.998 and 0.972 for the two years. The week-to-weelc fluctuations of 
these values for AR show correlation coefficients of 0.723 and 0.665, 
both highly significant, for the same two years. The body temperature 
and heart rate changes for NIC, arranged as in fig. 9, give a rise of 8.1 
heart beats for 0.4S° (correlation coefficient of 0.957), or 16.9 beats 
per degree F. His week-to-week fluctuations of body temperature and 
heart rate levels show a correlation coefficient of 0.772. In both sub- 
jects, the number of heart beats per degree F. change in body tem- 
perature is much higher for lower external, and therefore lower body, 
temperatures, when the figure may be as high as 35 beats per degree F. 

In the mean diurnal body temperature and heart rate curves, 
shown in fig. 2, on the contrary, AR shows a change of about 15 beats, 
and NIC of 20 beats, per degree F, whereas for RN the number is 
about 10 beats per degree F. under the usual routine, and 20, when 
she slept in the daytime. Incidentally, her week-to-week fluctuations 
of body temperatures and heart rate levels had a correlation coefficient 
of 0.570 (P <0.01), not as good as those for the male subjects, but still 
reflecting the effect of the external temperature variations. Again, the 
corresponding basal temperatures and heart rates had a correlation 
coefficient of 0.370, which was not statistically significant. 

VI. The effects of thyroid. For a further test of the interrelation 
between body temperature and heart rate, NIC and AR took two 
grains of desiccated thyroid daily for fourteen days, followed by 
another 14 days of no thyroid. Basal metabolic rates and body 
weights were measured at the end of each week. The results were 
similar for the two subjects, and in fig. 10 can be seen the mean daily 
levels of body temperatures and for heart of NIC, based on 10 succes- 
sive 28-day periods. The mean metabolic rate went up during the 
period of thyroid intake, more in the first than in the second week, 
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Fig. 10. Upper part, mean daily temperature and heart rate levels of NK, for ten 
28-day periods, for tlic first 14 of which one grain of desiccated thyroid was taken every 
12 hours. The mean basal metabolism rates at the end of 7, 14, 21, and 2S days were: 
SG.2, 89.1, 83.1, and 80.7%, while the corresponding mean body weights were: 151.2, 
151.1, 152.G, and 153.6 lbs. Lower part, mean daily levels based on the same data as 
was upper part, but divided into two 140-day portions (summer and winter.) 

while the body weight fell, also mostly during the first week. The re- 
verse occurred during the period of no thyroid, the curve being con- 
cave, instead of convex, upward. The body temperatures and heart 
rates also executed the greater part of their climb during the first week 
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~ and showed the sharpest descent dining the third. The jaggedness of 
the curves seems to be related to a weekly periodicity (the body tem- 
perature and, to a lesser extent, the heart rate levels for Saturday and 
Sunday of each week (days 6, 7, 13, 14, 20, 21, 27, and 28) being low, 
irrespective of thyroid intake). That is perhaps why the basal meta- 
bolic rates, determined on successive Sundays, were lower than 
“normal.” The mean day-to-day fluctuations of body tempeature 
and heart rate levels showed a correlation coefficient of 0.916 (P <0.01), 
and a mean change of 23.4 heart beats per degree F., somewhat 
greater than reflected in the parallel variations of these two values 
with changes in outdoors temperature. The seasonal differences, how- 
ever, are quite marked, as seen from fig. 10 A and B, in which the 
summer body temperature and heart rate levels are decidedly higher 
than in the fall-and-winter ones. The correlation coefficient between 
the mean body temperature and pulse levels for the 10 successive 28- 
day periods is 0.947 ; the second was highest with a mean temperature 
level of 97.96° and a pulse level of 85.4, and the seventh, lowest, with 
97.57° and a pulse of 77.5. For a swing of 0.39° the heart rate change 
was 7.9 beats, or over 20 beats per degree F. The mean difference 
between each of the 14 days with, and the corresponding days of the 
14 days without, thyroid, were highly significant, amounting to, in 
the summer to 0.19° and 4.5 heart beats, and in the winter, to 0.25° 
and 5.1 beats, in each case exceeding 20 beats variation per degree F. 

VII. The effect of motion -pictures. As previously reported (Kleit- 
man, 1945) any degree of excitement tends to raise the body tempera- 
ture above the customary value for the particular hour. Several of 
our subjects obtained higher than usual temperature figures while 
attending motion picture shows in the afternoon or evening. Data 
collected by HK and RN were numerous enough to be treated statis- 
tically. The former, on 55 afternoons, spread over a period of more 
than two years, had mouth temperatures of 99.00° to 100.15°, with 
a mean of 99.59°. Temperatures taken at about the same hour on 57 
afternoons preceding or following “movie” days, ranged from 97.95° 
to 99.70°, with a mean of 98.66°, or 0.93° lower. Another way to show 
the effect of motion pictures is to compare the differences between 
afternoon and basal temperatures on experimental and control days. 
The mean rises in temperature on 45 “movie” days was 1.69°, while 
the corresponding value for 54 control days was 0.73°, the differential 
being 0.96° in favor of the experimental days. Both the 0.93°, from 
the former treatment, and 0.96° from the latter, are statistically 
highly significant. RN attended motion picture shows 29 times in the 
course of two months, viewing 47 feature films, mostly in the evening. 
At 8 p.m. her control temperatures varied from 98.40° to 99.40°, with 
a mean of 98.95°, while at the same hour her “movie” temperatures 
ranged from 99.00° to 99.65°, their mean being 99.42°. The difference 
between the two means, 0.47°, was highly significant. In this subject, 
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also, comparing the differences between the mean basal and 8 p.m. 
temperatures, the rise on control days was 1.15° and on experimental 
days 1.68°, giving a mean difference of 0.43°, nearly the same as by 
direct comparison and statistically even more significant. 

discussion 

Both body temperature and heart rate are influenced by a variety 
of endogenous and exogenous factors, some of which serve to estab- 
lish a number of periodicities in these physiological variables, while 
others modify or disrupt periodicities thus established. In general, 
the temperature and pulse cycles are parallel to each other, but in 
specific situations they may vary in opposite directions. Although the 
body temperature changes, especially when expressed in terms of 
absolute values, are extremely small, they are less labile than heart 
rates and repeat themselves so well as to yield smooth curves, irre- 
spective of the duration of the particular type of cycle. Yet, in a single 
cycle, even body temperature changes are not easily predictable. The 
several frequency distribution curves of the diurnal cycle (figs. 1 & 3) 
illustrate the great dispersion of the readings for almost any hour of 
the day and night. Under the best of conditions, these distribution 
histograms arrange themselves into probability curves, with distinct 
modes, which usually correspond to the means and medians for the 
same data. 

As has been shown some time ago (Kleitman, 1939), the diurnal 
body temperature curve is established during infancy, with the trough 
corresponding to the period of sleep. The shape and location of the 
crest, however, varies with the individual. In some of the subjects 
there was a peak in the early afternoon, in others, during the evening, 
and in still others a remarkable semblance to a plateau characterized 
the diurnal temperature maximum. But even in the latter more than 
00% of the temperature readings were different from the prevailing 
modes. The occupations of Alt and JM (fig. 1 C, D, G) who had early 
afternoon peaks, were the same as those of HF and JH (1 B, F) whose 
temperatures varied little during the day : they were all supervisors 
in a cheese factory and were continually moving about. Nor are the 
two “plateau” curves alike: that for HF is shallow and symmetrical, 
the small rise from 6 to 10 a.m. being balanced by an equal fall from 
6 to K) p.m, while JH’s curve shows an over twice as great a rise in the 
morning, and a hardly preceptible fall in the evening. 

The heart rate follows the diurnal curve closely, except for the 
postprandial rise in the former, which after the evening meal may 
appear to go against the rapidly dropping body temperature. Groll- 
man (1929) also observed a rise in pulse rates after meals, but in his 
subjects they returned to normal within the hour. Boas and Gold- 
schmidt (1932) recall that Haller knew of the postprandial increase 
in heart rate. They put this increase as 5 to 15 beats per minute in 
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one hour, with a return to previous level in 2 to 3 hours. The basal, 
or getting up, temperatures as well as heart rates, are least variable, 
from day to day in the same individual, and in one person compared 
to another. Grollman (1929a, . 1930), although finding the cardiac 
output under basal condition more constant than the heart rate, 
could detect no seasonal variation in the latter. Likewise, Gustafson 
and Benedict (1928), in 20 female subjects, found no significant sea- 
sonal fluctuations in the basal mouth temperatures. 

Within the last few years there grew up a literature on the men- 
strual cycle in body temperature, although Barton (1940), in her 
excellent historical review, traces early reports to 1870. Little atten- 
tion was paid to the heart rate variations during the same cycle. King 
(1914) did notice a general parallelism between basal body tempera- 
tures and heart rates during the menstrual cycle, but Rubenstein, 
(1937) while reporting typical menstrual temperature curves in 10 
subjects, disclaimed any "relation between temperature on the one 
side and blood pressure or resting pulse on the other.” It appears 
that the monocyclic character of the menstrual temperature cycle 
and the dicyclic one of heart rate cycle, instead of showing no rela- 
tionship between the two, can be put to advantage in discovering the 
exact date of ovulation more accurately than by means of body tem- 
perature alone. Whereas the basal body temperature rises on con- 
secutive post-ovulative days, the heart rate shows a rise followed 
by a drop. Using tins double check, we found that the position of the 
ovulation day in the' cycle is far from constant, confirming Barton 
(1942), but that its range and mean value are definite personal char- 
acteristics. This is true, even when the duration of the cycle itself 
undergoes fluctuations from year to year. In our four subjects, the 
low points in the menstrual temperature curve occurred, on the aver- 
age, 16.3, 15.3, 13.8, and 10.8 days before the onset of menstruation. 

Like Cullis, Oppenheimer, and Ross-Johnson (1922), we found a 
parallelism between morning and evening body temperature for the 
menstrual cycle, and the same applies to the temperature levels, or 
the mean values of several temperatures taken during the diurnal 
cycle. 

Although the pregnancy and lactation data were obtained on one 
individual, Barton (1940) and others noted an increased body tem- 
perature during pregnancy, and Seward and Seward (1936) found 
that both body temperature and heart rate were higher in this con- 
dition. 

Mocquot and Palmer (1940) consider axillary temperatures un- 
satisfactory and insist on rectal temperatures, and Tompkins (1944) 
also recommends the latter, but Cullis, Oppenheimer and Ross- 
Johnson (1922) found complete parallelism between rectal and 
mouth temperatures during the entire menstrual cycle, and Barton 
(1940) states that "same cyclic phenomena were manifest in oral, 
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axillary, rectal, vaginal, and uterine temperatures.” Following our 
suggestion (Kleitman, 1944), Davis (1946) found that mouth tem- 
perature curves in 500 cases were completely satisfactory. 

The exogenous influence of outdoor temperature on both body 
temperature and heart rate manifests itself, under the conditions of 
modern indoor existence, only during the portion of the year when no 
artificial heating is resorted to. Our figures are in agreement with 
those of Grollman (1930a) whose subjects’ heart rate went up from 
58 to 64 when the environmental temperature was raised from 68 to 
86. It should be noted that the body temperature and heart rate 
levels of our subjects, and not the basal values, were higher in the 
non-heating than during the heating season. 

Excitement engendered by attending motion picture shows is 
sufficient to raise the body temperature, and it is possible that listen- 
ing to certain types of radio broadcasts or reading stimulating books 
has the same effect. 

Changes in the daily routine of work, meals, rest, and sleep can 
modify the diurnal body temperature and heart rate curves, but there 
is evidence of a persistence of long established diurnal cycles. The 
ease with which the change-over is made varies with the individual. 

The relation of body temperature or heart rate to the basal met- 
abolic rate of the individual has been a subject of several investi- 
gations. Gustafson and Benedict (1928) state that “metabolism tends 
to be at a low level in the winter and to rise to a higher level during 
the spring and summer,” while Griffith and' others (1929) noted a 
low metabolic rate in the late summer. Rubenstein (1937) first con- 
cluded that basal metabolism was independent of body temperature 
(although Ins data showed a good correlation between the two), then 
published curves (1938) showing a fairly complete parallelism be- 
tween the body temperature and basal metabolic rate during the 
menstrual cycle in 15 subjects. Williams (1942) found no evidence 
of any relation ship between basal body temperature and metabolic 
rate, nor of an effect of thyroid on body temperature. Barnes (1942), 
on the contrary, decided, after studying over 1000 cases, that “sub- 
normal body temperature is a better index for thyroid therapy than 
the basal metabolic rate.” These discrepancies may be due to the rela- 
tive constancy of basal temperatures and heart rates. Having made 
use of the mean daily levels, of both body temperatures and heart 
rates, we could establish a close relationship between these two vari- 
ables and the basal metabolic rate. While it is impossible to predict 
the metabolic rate from body temperature and heart rate data for a' 
given individual, changes in metabolic rate, following thyroid med- 
ication, can be followed from day to day by means of body temperature 
and heart rate levels, and the dose maintained or changed. 

|Lastly, the relationship of heart rate changes to those of body 
temperature can be expressed as the increase in the number of heart 
beats per minute accompanying a rise in body temperature of one 
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Preliminary observations suggested that the morphologic changes 
in the cardiovascular system and kidney as well as the hypertension 
produced by the “endocrine kidney” remain uninfluenced by the pro- 
tein and sodium concentration of the diet (Selye, 1947c; Selye, 1948). 
This finding was rather unexpected since these same manifestations 
can be prevented so readily by such dietary measures if the changes 
are elicited by stress, desoxycorticosterone or crude pituitary ex- 
tracts. 

It will be recalled, furthermore, that a number of earlier investi- 
gators claimed that protein (Verney and Vogt, 1938; Handler and 
Bernheim, 1948) or sodium (Verney and Vogt, 1938; Hantschmann, 
1931; Grollman and Harrison, 1945 and Grollman, 1945) poor diets 
inhibit the development of hypertensive disease in animals subjected 
to partial constriction of the renal artery or other interventions suit- 
able for the production of renal hypertension. Others, however, ob- 
tained inconclusive results (Maclachlan and Taylor, 1940; Philipsborn 
et al, 1941 and Guerrant et al., 1943). The rice and fruit-juice diet 
advocated by Kempner (1945) which is poor both in protein and 
in sodium, also proved to be effective in reducing the blood pressure 
in animals suffering from experimental renal hypertension (Groll- 
man and Harrison, 1945). 

In view of these contradictory data, we decided to re-examine this 
problem systematically on a large number of animals, using the endo- 
crine kidney technic as a means of producing acute, malignant, renal 
hypertension. Rats in which endocrine transformation of the kidney 
has been obtained by our surgical procedure appeared to be singu- 
larly well suited for this type of experimentation. Results obtained 
in the rat are directly comparable with our earlier work concerning 
the influence of dietary factors upon hypertensive disease caused by 
stiess, desoxycorticosterone or anterior-pituitary extracts in this spe- 
cies. Furthermore, the endocrine kidney technic has the advantage 
of producing a uniform degree of renal hypertension, since excessive 
constriction of the artery causes necrosis, while insufficient constric- 
tion, which fails to inhibit urine formation, results in hydronephrosis 
and hence destroys the left kidney (whose ureter is ligated). Either 
of these experimental errors is readily detectable at autopsy and only 
bearers of perfect endocrine kidneys were used for the evaluation of 
our data. 

EXPERIMENTAL 

In the present series, we employed female albino rats weighing 
130-150 gm.; they were killed on the 11th day after the “endocrine 
kidney operation.” The latter was performed according to the technic 
of Selye and Stone (1946) and Selye (1946c), using the modification 
in which the ureter of the endocrine (left) kidney is ligated. 

All animals were fed a synthetic basic diet in which only the pro- 
tein (casein) and sodium (NaCl) concentration was varied. Groups 
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sary to prepare small food balls, which were placed into the animals’ 
cages. 

In groups IV, V, VI, X, XI and XII, excess of sodium was adminis- 
tered by adding 4 % NaCl instead of a corresponding amount of com 
starch. 

In group XIII we wished to examine the effect of simultaneous 
complete deprivation in Na and Cl on a low-protein diet. Here, the 
NaCl was eliminated in the mineral mixture and K2HPO4 was sub- 
stituted for Na 2 HP 0 4 . While in all other groups the animals were 
given tap water to drink, in group XIII only distilled water was 
allowed in order to eliminate any NaCl intake through the drinking 
fluid. As a further precaution, the animals of group XIII were placed 
on the NaCl free ration 10 days before the endocrine kidney opera- 
tion, to insure that their Na-balance would be negative before the ex- 
periment commenced. 

EXPERIMENTAL OBSERVATIONS 

The results of our observations are summarized in Table I. 

The “survival ratio ” as listed in the fourth column gives the num- 
ber of animals used for the compilation of these data (all animals 
bearing imperfect endocrine kidneys were discarded) and (in bold 
type) the number that survived until the 11th day. It will be seen 
that all intact controls (Groups I, IV, VII and X) survived. Another 
type of control consisted in performing the endocrine kidney opera- 
tion but following this — duiing the same intervention — by the re- 
moval of the left kidney. Controls of this type were deemed necessary 
in order to eliminate the possible influence of the partial constriction 
of the aorta, quite apart from any "endocrine transformation” of 
renal tissue. It wall be noted that these controls (Groups III, VI, IX 
and XII) also survived to the end of the experiment with the sole 
exception of one animal in group VI. On the other hand, the mortality 
during the 11 day observation period was very high in all groups in 
which an endocrine kidney was present (Groups II, V, VIII, XI and 
XIII). The diet did not appear to exert any very significant influence 
upon the survival rate of animals possessing an endocrine kidney. 
Essentially the same is true of the loss of body weight which was 
manifest in all these groups while the intact controls continued to 
grow and those in which the endocrine kidney was immediately re- 
moved after the operation showed only an insignificant loss of weight, 
if any. 

The weight of the left kidney is expressed in mg. as well as in 
mg./lOO cm. 2 of body surface. The latter method of expression gives 
perhaps a more correct picture of the amount of kidney tissue avail- 
able in proportion to the metabolic needs of the organism. It will be 
noted that the weight of the kidney decreased considerably as a result 
of the "endocrine transformation” and this involution appears to have 
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been entirely independent of the dietary casein and NaCl concentra- 
tion. On the other hand, among the intact controls, the mean kidney 
weight was lowest in group I (low casein, low NaCl diet), somewhat 
higher in group IV (low casein, high NaCl diet), still higher in group 
VII (high casein, low NaCl diet) and highest in group X (high casein, 
high NaCl diet). Though not specifically mentioned in the table, all 
the endocrine kidneys exhibited essentially the same histologic struc- 
ture, the most characteristic features of which were involution of the 
glomeruli, loss of eosinophil granules and disappearance of the brush 
border in the proximal convoluted tubule cells, obliteration of. the 
tubular lumina by proliferating lining epithelium and marked prolif- 
erative changes in various parts of the proximal convoluted segment, 
especially in the distal part, the so-called spiral segment. Nephro- 
sclerosis or hyalinization of blood vessels was never observed in endo- 
crine kidneys, even when the contralateral kidney showed most pro- 
nounced changes of this type. 

The mean weight of the right kidney, among the intact control 
animals, ran roughly parallel to that of the left. The significance of, 
this kidney-weight increasing effect of dietary protein and NaCl is 
further supported by the weights of the right kidneys in the animals 
whose left kidney had been removed at the beginning of the experi- 
ment (Groups III, VI, IX and XII). This exhibits essentially the same 
rise with increasing protein and NaCl concentrations in the diet, the 
only difference being that here the right kidney is much larger because 
of the compensatory hypertrophy produced by ablation of the con- 
tralateral organ. 

The weight of the right kidney in those animals which bear an 
endocrine kidney on the other side (Groups II, IV, VIII and XI) is 
less markedly influenced by dietary factors. Histologic examination of 
these kidneys shows them to be affected by nephrosclerosis with dila- 
tation of tubules, deposition of hyalin material (casts) in their lumina 
and hyalinization of the blood vessels. Therefore most of the enlarge- 
ment cannot be regarded as a true compensatory hypertrophy but is 
more comparable to the increase in renal weight seen in the acute 
stage of other types of nephrosclerosis, for instance, that produced 
by desoxy corticosterone or anterior-pituitary preparations. 

The nephrosclerosis is listed as a percentage of the theoretic maxi- 
mum which could have been obtained. The diagnosis was made by 
one of us upon inspection of histologic slides labelled only, with code 
numbers whose significance he did not know. This was deemed neces- 
sary to assure absolute objectivity of this, otherwise rather subjec- 
tive, type of diagnosis. The degree of nephrosclerosis was expressed 
in a scale ranging from 0 to + + + ; hence the theoretic maximum of 
+ + + in all ‘animals was considered as equivalent to 100%. It will 
be noted that when so expressed, the degree of nephrosclerosis was 
approximately 50% in all groups including even group XIII in which 
a casein-poor diet was given in the complete absence of NaCl. 

The heart weight is expressed both in mg. and as a percentage of 
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body weight.. It will be noted that according to either manner of ex- 
pression, the heart weight is increased in the endocrine kidney bearing 
rats (Groups II, Y, VIII, XI, XIII) as compared to the correspond- 
ing intact controls or those in which the endocrine kidney was re- 
moved. The degree of this cardiac hypertrophy was not significantly 
influenced by the diet. The heart weight is a fairly accurate expression 
of the mean blood pressure during the entire experimental period. 
Indeed some investigators believe the heart weight to be a more ac- 
curate index of hypertension than the occasional actual measurement 
of the blood pressure at intervals throughout the experiment, because 
it is less likely to be influenced by sudden transient variations. No 
systematic blood-pressure measurements were made in groups I-XII 
of this series, yet careful determinations of this type (performed under 
light ether or nembutal anesthesia by the direct method) revealed 
that in group XIII the endocrine kidney caused marked hyperten- 
sion (up to 180 mm. of mercury mean pressure in some cases). This 
shows that renal-pressor material can be produced, and when pres- 
ent can raise the blood pressure in the complete absence of NaCl even 
on low-protein diets. 

The myocarditic lesions produced by the endocrine kidney in 
groups II, V, VIII, XI and XIII were likewise determined as a per- 
centage of the maximum total, on the basis of histologic examination 
under conditions identical with those described above for the kidney. 
It will be noted that the diet also failed to influence the intensity of 
the histologically demonstrable cardiac damage caused by the endo- 
crine kidney. 

Periarteritis nodosa was noted on histologic sections in the pan- 
creas since the vessels of this organ are especially subject to peri- 
arteritic lesions. The diet did not appear to influence the intensity of 
the hyalinization and granuloma formation. 

The adrenals were greatly enlarged in all endocrine-kidney bear- 
ing rats, again without any manifest relationship to the diet consumed. 
It will be recalled that the corticotrophic effect of stress and of im- 
pure anterior-pituitary extracts is greatly dependent upon the dietary 
protein intake although independent of the sodium content of the 
food (Selye, 1947b). It has been assumed in previous publications 
from our laboratory that a certain amount of protein catabolism is 
essential for the maximal production of adreno-corticotrophic hor- 
mone; perhaps in the present experimental series the protein-catabolic 
effect of the renal pressor material was sufficient to furnish optimal 
amounts of protein catabolites, even when dietary protein intake was 
low. 

DISCUSSION 

Our earlier observations had shown that ingestion of excessive 
amounts of NaCl increases, while sodium deprivation (due to a di- 
minished Na intake or a forced Na-loss through the urine, e.g., after 
NH 4 C1 medication) diminishes the hypertensive and nephrosclerotic 
activity of desoxyeorticosterone (Selye and Stone, 1943; Selye and 
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Hall, 1943a; Selye and Hall, 1943b; Selye et al., 1944). It has also been 
demonstrated that the production of nephrosclerosis, vascular changes 
and hypertension by anterior-pituitary preparations is likewise in- 
hibited by sodium depletion (Hall et al. 1945). The adrenotrophic 
effect of crude anterior-pituitary extracts, on the other hand, remains 
uninfluenced by sodium but is greatly diminished in animals main- 
tained on low-protein diets. At the same time protein depletion also 
prevents the production of nephrosclerosis, hypertension and car- 
diovascular lesions by anterior-pituitary extracts (Berman et al., 1945; 
Selye, 1946b; Hay et al., in press). On the other hand the nephro- 
sclerotic and hypertensive actions of desoxycortieosterone remain un- 
influenced by dietary protein (Prado et al., 1947). 

From all these observations it appears that the corticotrophic ac- 
tivity of crude anterior-pituitary extracts (and probably also the cor- 
ticotrophin production under the influence of stress) are dependent 
upon the protein intake but independent of the sodium intake; con- 
versely, the action of corticoids such as desoxycortieosterone is de- 
pendent upon the availability of sodium but independent of protein; 

The present experimental series clearly shows that the hyperten- 
sion as well as the accompanying eardivascular and renal changes 
produced by the endocrine kidney are independent of both the pro- 
tein and the sodium content of the diet. 

As mentioned in the introduction to this paper, pertinent observa- 
tions of earlier investigators — who studied the effect of the protein 
and sodium concentration in the diet upon the development of renal 
hypertension — were rather inconclusive. It must be kept in mind 
that none of these workers observed animals in which the “endocrine 
transformation” of the kidney was as complete as in our rats. We can- 
not give an explanation for the apparently positive results of some 
investigators but feel that the data presented in this publication 
clearly indicate that, under the experimental conditions used by us. 
renal hypertension develops irrespective of the dietary protein and 
sodium. It will be recalled that the “endocrine kidney technic” 
suddenly causes complete endocrine transformation of the entire re- 
nal parenchyme ; it is possible that in the face of such sudden maximal 
transformation, dietary constituents cannot further increase the pro- 
duction of renal pressor substances. Yet, in the event of less drastic 
surgical interventions, nutritional factors may play a role, perhaps 
by increasing the production of hypophyseal and corticoid hormones 
or by augmenting the “endocrine transformation” of individual 
nephrons under the influence of corticoids. 

SUMMARY 

Experiments on the rat indicate that the production — by the 
“endocrine kidney” technic — of hypertension and its morphologic 
accompaniments (nephrosclerosis, cardiac hypertrophy, myocarditis, 
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ADRENAL AUTOTRANSPLANTS WITH HEPATIC 
PORTAL DRAINAGE IN THE RAT 

EARL 0. BUTCHER 

Departments of Anatomy , College of Dentistry and the Graduate 
School of Arts and Science, New York University 

It has been known for many years that the liver can inactivate 
estrogenic hormone or impair the function of ovarian tissue. It has, 
likewise, been found, that epinephrine is destroyed in the liver since 
injections of it into the splenic vein produce about a fourth the rise 
in blood pressure that can normally be expected (Philpot and Cantoni, 
1941). 

Progesterone, on the other hand, is not inactivated by liver pulp 
“in vitro” (Engel, 1944). There are also indications that the function 
of cortical tissue of the adrenal is not impaired by the liver since 
Eversole, Edelmann and Gaunt (1940) succeeded in maintaining the 
lives of two of ten rats with adrenal autografts in the liver. Failure 
in eight of their experiments may have been a matter of technique 
or the liver may have been antagonistic toward hypertrophy of the 
tissue of the adrenal. 

More recently Vogt (1943) has claimed that the body disposes of 
released cortical hormone of the. mammalian suprarenal at great speed 
since no detectable amount of the hormone was in the blood from the 
right side of the heart or from the femoral artery in the dog and cat. 
The result was the same in the eviscerated animal and, according to 
him, if the liver played a predominant role in the inactivation of the 
hormone, the exclusion of the liver from the circulation would lead 
to the accumulation of cortical substance in the general circulation. 
No hormone was found in the right atrium and femoral artery by Vogt 
and, therefore, little existed to be inactivated by the liver. Since the 
cortical substance encountered few tissues in going from the adrenal 
to the right atrium and these tissues disposed of most of the hormone 
the liver might be a great inactivator of cortical substance if quanti- 
ties of the hormone reached this organ. 

The purpose of this investigation has been to learn: (1) if adrenal 
transplants in the liver or spleen will maintain the life of the rat as 
well as autografts in the kidney; (2) how much of the adrenal cortex 
must be transplanted for survival of the animal after bilateral adre- 
nalectomjn 
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METHODS 

In these experiments rats of the Long-Evans and Wistar strains were 
used. Since hair growth in the rat is accelerated in the absence of cortical 
material (Butcher, 1937) (Ralli and Graef, 1943), normal hair growth and 
the survival of animals were used as indicators of a sufficient supply of cor- 
tical hormone in the body. Operations were made soon after weaning or on 
the twenty-second day of life. 

Both adrenals were removed via the dorsal approach and then either an 
entire adrenal or a portion of one adrenal was autotransplanted into the 
liver, spleen or kidney. A portion of an adrenal was autotransplanted to 
compare the inactivating power of the tissues of the kidney and of the liver 
on the cortical hormone. If the inactivating power of the liver was greater 
than that of the kidney, more cortical materials would have to be present to 
maintain life. Wien a half or a fourth of an adrenal was used as a transplant, 
an adrenal was cut as nearly as possible into such fractions under the stereo- 
scopic microscope. Transplants were made easily under the capsule of the 
kidney as described in a previous paper (Butcher, 1937). For holding an 
autograft of an entire adrenal to the spleen, a fine thread was run through the 
capsule of the adrenal and then the thread was tied around the spleen. Auto- 
grafts were anchored and retained with difficulty in small slits in the liver 
and spleen. 

One per cent salt solution served as drinking water for 4 days after the 
operation and thereafter, only tap water was available. Feed consisted en- 
tirely of Purina dog chow. 

Animals were sacrificed at intervals following the operations. The auto- 
grafts were recovered; fixed in Bouin’s; stained in hematoxylin and eosin; 
and then studied. When the animals were sacrificed, the regions around the 
kidneys were carefully survej r ed for accessory cortical material and this 
tissue was fixed and studied histologically. Animals possessing accessory 
cortical bodies were not included in this study. Autografts were also recov- 
ered as often as possible from animals dying of cortical insufficiency. 

AUTOGRAFTS OF ONE-FOURTH OF AN ADRENAL 

Twelve of 16 animals receiving autografts of one-fourth of an 
adrenal in the liver died within 14 days after the operation. On his- 
tological examination, the grafts of these animals were found isolated 
by a thick capsule. The transplants often contained small islands of 
regenerated tissue immediately internal to the capsule and necrotic 
masses of cellular debris and pigmented degenerating cells were found 
centrally. The small islands which apparently originated from the 
' capsule were incapable of supporting the animal. 

The other four animals were sacrificed at 35, 70, 100 and 140 days 
after the operation. One had a litter of six when the graft was 56 
days old and the puppies were guarded with great care. The}' all died, 
however, within 10 days because of the inadequate milk supply of 
the mother. Histological examination of the adrenal grafts of these 
four sacrificed rats showed that they were surrounded with a thin 
capsule. The grafts were large and were composed of a very vascular 
glomerulosa and fasciculata but no reticularis was present. 
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Animals with autografts of one-fourth of an adrenal in the kidney- 
survived no better than those with similar autografts in the liver. 
Six of the eight animals receiving such grafts died within 12 day's after 
the transplantation. The autografts which were recovered from them 
were composed of areas of regenerated cortical cells beneath a thick 
capsule. Two other animals with one-fourth autografts gained weight 
and were sacrificed 35 and 70 day's after the operation. The large 
grafts from these two animals had a thin capsule and most of the cells 
were glomerular in character. 

Hair growth was accelerated in practically all animals which re- 
ceived an autograft of one-fourth of an adrenal and which died within 
12 day's after the transplantation. 

AUTOGRAFTS OF ONE-HALF OF AN ADRENAL 

Four of the ten animals receiving one-half of an adrenal in the 
liver died within 12 day's after the operation. Regenerated islands of 
cortical tissue were often found next to the capsule in the grafts re- 
covered from the dead animals. The bulk of the transplants, however, 
consisted of pigmented degenerating cells. 

The six other animals receiving one-half adrenal in the liver sur- 
vived and were sacrificed 48, 70, 96 and 102 day's after the transplan- 
tation. The recovered grafts were very large and were surrounded by' 
a thin capsule which was continuous with septa extending throughout 
the gland. Most of the graft consisted of glomerulosa and fasciculata 
regions. In some areas which were not always centrally' located the 
cells were arranged in a reticular pattern. One rat had a litter SO days 
after the operation but the puppies died soon after birth. 

Autografts of one-half adrenal in the kidney' were equally' as suc- 
cessful as in the liver. One animal died on the fifteenth day' and two 
others on the eighteenth day' after the operation. The death of one 
animal 26 day's following grafting was surprising since the recovered 
graft showed several large regenerated islands. These islands were 
composed of closely' packed cells and were separated by' septa. They' 
had not reached the differentiation in zonation ‘ attained by most 
grafts in surviving animals. Other animals gained weight and were 
sacrificed 37, 75 and 140 day's after grafting. Nine of this group of 13 
animals with grafts in the kidney survived longer than 30 day's. 

Many' of the rats receiving one-half of an adrenal as a graft showed 
accelerated hair growth. The animals surviving longer than 30 day's 
were quite inactive and failed to grow as rapidly' as litter mates. 

AUTOGRAFTS OF AN ENTIRE ADRENAL 

In most of the first operations where an entire adrenal was trans- 
planted into the spleen, the animal’s life was not maintained longer 
than 12 day's. When the transplants were recovered from these rats, 
they' were found to be degenerate necrotic masses and to contain no 

N. 
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surviving tissue other than remnants of a capsule. The capsule of the 
gland was left intact at the time of the operation. This probably pre- 
vented rapid revascularization and thus complete degeneration fol- 
lowed. When the capsule was punctured or incised and the gland was 
transplanted, most of the animals survived. Considerable difficulty 
was experienced, however, in getting such a large piece anchored in 
the spleen. A better method was then devised which consisted of 
running a fine thread through the capsule and tying the thread around 
the spleen. This thread served to anchor the graft in a slit previously 
made in the spleen and also provided a path for rapid ingrowth of 
blood vessels. Twelve of 14 animals survived longer than 30 days with 
such technique. At intervals (44 to 180 days) following the operation 
the recovered grafts in many instances consisted of very large re- 
generated masses partly within the spleen and partly on its periphery. 
Glomerulosa and fasciculata zones were identifiable and the caspule 
was usually thin. In other instances, the autograft was quite similar 
in structure to the normal adrenal: all zones were represented and a 
region filled with blood was present in the center. No medullary ma- 
terial had survived. One rat bore a litter of seven 68 days after the 
autografting and another rat had a Utter of eight 82 days after the 
transplanting. All the puppies died in one Utter and only two of the 
other Utter survived until weaning time. Autografts in the spleen 
which had maintained Ufe for 40 days were removed from three ani- 
mals. Death followed on the 6th, 8th and 14th day after removal. 

Entire adrenals were difficult to anchor in the liver. A few animals 
died within 12 days following the transplanting. Grafts when re- 
covered had a thick capsule and a few small islands around the 
periphery. These islands apparently were not enough to maintain 
the Ufe of the animal. Most of the animals (12 of 17) which received 
ah entire adrenal survived longer than 30 days. When sacrificed, the 
autografts were surrounded by a thin capsule and were composed of 
large compact masses of cells showing no arrangement. 

The rats receiving an entire adrenal as an autograft were more ac- 
tive and had better health than those receiving a transplant of a por- 
tion of an adrenal. The autografts recovered from animals receiving 
an entire adrenal as a transplant, while no greater in mass, were better 
differentiated and the zonation was usually more pronounced than 
4, he autograft resulting from a portion of an adrenal. 

DISCUSSION 

Following bilateral adrenalectomy, adrenal autotransplants in the' 
Uver and spleen, although more difficult to anchor, have maintained 
the lives of hooded and white rats equally as well as autotransplants 
in the kidney. 

When an entire adrenal was tied to the spleen, about 85% of the 
animals survived longer than 30 days. An entire adrenal was anchored 
and retained with difficulty in the Uver and only 71% of the animals 
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lived longer than 30 days. Sixty percent survival for more than 30 
days resulted after the autografting of one-half of an adrenal in the 
liver and 69% survival in the case of similar grafts in the kidney. 
Only 25% survived longer than 30 days with an autograft of one- 
fourth of an adrenal in either the kidney or the liver. Death often 
occurred in animals with one-fourth of an adrenal five or six days 
after the operation while death in animals with an entire adrenal was 
more common 11 or 12 days after the operation. These experiments 
showed that the inactivating power of the liver on the cortical hor- 
mone was not greater than that of the kidney. . 

The degenerative and regenerative changes in the adrenal auto- 
grafts have been followed rather carefully. In general my observations 
confirm those made by Ingle and Higgins (1938). These authors claim 
that necrosis begins in the center of the entire organ, extends periph- 
erally, and in 4S hours most of the gland except the capsule is de- 
stroyed. In my preparations the moribund cortical cells disappear in 
a peripheral to central sequence as the polymorphonuclear leucocytes, 
lymphocytes and macrophages invade them. 

Areas of regenerated cortical cells begin to appear beneath the 
thick capsule within three or four days after the operation and by 
seven or eight days there are often large islands of cortical tissue. 
These areas enlarge, usually coalesce, but in many instances remain 
separated by septa to form an irregular shaped graft. The inequality 
in the regenerative capacity of the regions of the capsule is difficult 
to explain as Williams (1947) has pointed out. In the case of a portion 
of the gland as the autograft, the peripheral capsule immediately sur- 
rounds the more centrally located cells which undergo degeneration. 
As regeneration -progresses, islands of newly formed cortical cells 
appear under the capsule and the capsule usually becomes thinner. 

Failure of autografts of one-fourth of an adrenal or one-half of an 
adrenal to maintain life as well as entire adrenal autografts may have 
been due to insufficiency of cortical hormone in the implants to carry 
the animal over the period until the grafts regenerated or to the 
amount of capsule available for regeneration or to both. Since the 
gland with the exception of the capsule necroses rapidly after the 
transplantation, the amount of capsule available for regeneration is 
probably the determining factor. Hair growth was frequently ac- 
celerated in animals receiving one-fourth or one-half of an adrenal 
indicating cortical insufficiency. 

Normal zonation seldom occurred in any of the grafts and for the 
most part the transplants consisted of cells with a glomerulosa and 
fasciculata arrangement. The grafts enlarged with time but a reticular 
zone was as common in 40 day old grafts as it was in much older grafts. 

The size reached by the graft has been discussed and investigated 
at great length by Ingle and Higgins (1938) and Wyman and turn 
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Suden (1937). The former conclude that the size can . . . “be ex- 
plained by the assumption that the adrenotropie activity of the pitui- 
tary body is responsive to the physiologic requirements for cortin.” 
Several of my. rats with autografts had Utters yet with apparently 
normal maternal care they lost most of the litter due to their inability 
to supply adequate milk. In this instance an adjustment was not made 
between the physiologic requirements for cortin and the adrenotropie 
activity of the pituitary body. 

SUMMARY 

Following bilateral adrenalectomy, either an entire adrenal or a 
portion of an adrenal was autotrarisplanted into the liver, the spleen 
or the kidnej r of the rat. The amount of the gland transplanted and 
the percentage of animals surviving for more than 30 days has been 
as follows: entire in spleen S5%; entire in liver — 71%; one-half in 
kidney — 69%; one-half in liver — 60%; one-fourth in kidney — 25%; 
and one-fourth in liver — 25%. 

In surviving transplants, regions of the capsule produced new 
areas of cells which often remained separated by septa. Normal zona- 
tion seldom occurred. Regeneration was equally as good in the liver 
and spleen as in the kidney. 

- The tissues of the liver and spleen appear to have no more inacti- 
vating effect than the tissues of the kidney on the cortical hormone. 
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EFFECTS OF THIOURACIL FEEDING ON RESISTANCE 
TO LOW ENVIRONMENTAL TEMPERATURE 1 

BENJAMIN H. ERSHOFF . . 

From (he Emory W. Thurston Laboratories, Los Angeles, California, 
and the Department of Biochemistry and Nutrition,- 
University of Southern California 

In 1943 Leblond and Gross observed that thyroidectomized rats 
failed to survive at low environmental temperatures unless adminis- 
tered thyroid hormone. Since thiouracil inhibits .thyroxin synthesis 
in the body, impaired survival at low environmental temperatures 
might also be expected following prolonged administration of this 
drug. In the present experiment adult female rate were made hypo- 
thyroid by thiouracil feeding, and their length of survival deter- 
mined under cold room conditions with and without thyroxin admin- 
istration. 

PROCEDURE AND RESULTS 

Forty-seven female rats of the Sprague-Dawley strain were raised 
to maturity on a stock ration and selected for the present experiment 
at approximately 10 weeks of age and an average body weight of 
170.1 g. (range 148 to 192 g.). Forty-one rats (group I) were fed a puri- 
fied ration consisting of thiouracil 0.3%, casein 2 22.0%, salt mixture 2 
4.5%, whole fiver powder 4 10.0%, cottonseed oil- (Wesson) 10.0% 
and sucrose 53.2%. To each kg. of the above diet were added the 
following synthetic vitamins: thiamin hydrochloride 72 mgms., 
riboflavin 9 mgms., pyridoxine hydrochloride 15 mgms., calcium 
pantothenate 67.2 mgms., nicotinic acid 60 mgms., 2 methyl-naphtho- 
quinone 5 mgms. and choline chloride 1.2 g. Each rat also received 
once weekly a vitamin A-D concentrate 5 containing 150 U.S.P. units 
of vitamin A and 15 U. S. P. units of vitamin D together with 3 mgms. 
of alpha-tocopherol acetate. Six rats (group II) were fed a diet identi- 
cal with the above but with thiouracil omitted and replaced by an 


Received for publication May 14, 1948. 

1 This paper reports research undertaken in cooperation with the Quartermaster 
Food and Container Institute for the Armed Forces, and has been assigned number 184 
in the series of papers approved for publication. The views or conclusions contained in 
this report are those of the author. They are not to be construed as necessarily reflecting 
the views or indorsement of the Department of the Army. 

2 Vitamin Test Casein, General Biochemicals, Inc., Chagrin Falls, Ohio. 

3 Salt Mixture No. 1 (Sure, 1941). 

* Whole Dried Liver Lowder, Armour and Co., Chicago, 111. 

5 Nopco Fish Oil Concentrate, assaying 800,000 U.S.P. units of vitamin A and 80,000 
U.S.P. units of vitamin D per gram. 
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equal amount of sucrose. Animals were placed in metal cages with 
raised screen bottoms to prevent access to feces and were fed the above 
diets ad lib, for 4 weeks. 

After 28 days of. feeding basal metabolic rates were determined 
for 9 rats selected at random from group I and the 6 animals of group 
II. 0 The apparatus used was a closed circuit type with a capacity of 
2 liters (Mason and Winzler, 1948). Carbon dioxide was absorbed 
with sodium hydroxide, and oxygen consumption was determined 
from pressure changes recorded by means of a water manometer. 
The respiration chambers were kept at 28°C. and readings obtained 
were corrected to S.T.P. Food was removed from the animals’ cages 
the evening prior to the metabolism test. At least 6 successive 5- 
minute intervals were recorded for each animal, with care being taken 
to record. oxygen consumption when animal activity was at a mini- 
mum. Following the B.M.R. determinations the above rats were 
sacrificed and thyroid weights determined. Results are summarized 
in tablet. 


Table 1. Effects of Thiouracil Feeding on Oxygen Consumption 
and Thyboid Weight 


Group 

Num- 
ber 
of 
ani- 
mals | 

Thiou- 
racil 
content 
of ration 

Body 

wt. 

Oxygen 
consumption 
cc/hr/100 g. 
body wt. 1 

I 

Change j 
in 

B.M.R. 2 ! 

Thyroid 

wt. 1 

Thyroid 

wt. 

mg./lOO g. 
body wt. 

I 

9 

per cent 
0.3 

g- 

174.4 

83.3±2.7 

per cent 
-27.9 

mgms. 
56.3+6.8 1 

32.3 

II 

6 

0.0 

175.6 

115.5 + 6.7 

— 

10.2 +0.5 

5.S 


1 Including standard error of the mean. 

2 Compared to the control B.M.R. of Group II. 


Findings indicate that 4 weeks of thiouraeil administration re- 
sulted in a marked increase in thyroid size and a significant decrease 
in basal metabolic rate, findings indicative of a hypothyroid state. 
Surviving rats of group I were then divided into 6 groups and were 
placed in individual metal cages in a large walk-in refrigerator main- 
tained at a temperature of 2 + 1. '5° C. No change was made in the 
experimental diet but each rat received daily intraperitoneal injections 
of the following materials: group A, 1 cc. saline solution ; group B, 0.5 
cc. adrenal cortex extract; 7 group C, 2.5 Mg dl-thyroxin ; 8 group D, 5.0 
Mg dl-thyroxin ; group E, 10.0 ug dl-thyroxin ; and group F, 20.0 jug 

6 We are indebted to Miss Betty Tukicli and Dr. R. J. Winzler of the Department of 
Biochemistry and Nutrition, University of Southern California, for the B.M.R. deter- 
minations. 

7 Adrenal Cortex Extract, Wilson Laboratories, Chicago, 111. The material was ad- 
ministered twice daily in doses of 0.25 cc. 1 

8 Thyroxin (Synthetic Cryst.), Roclie-Organon, Inc., Nutley, N. J. The material 
was dissolved in .1 N NaOH, adjusted to a pH of 8.0 and diluted to a volume contain- 
ing 10 jjg thyroxin per cc, . 
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dl-thyroxin. Injections were begun the day preceding transfer to the 
cold room. Treatment was continued for 28 days or until death. 
Food consumption was determined daily for each rat during the first 
week of treatment. On the 28th day surviving animals were autopsied 
and thyroid weights determined. Results are summarized in table 2. 

Tabi.e 2. Effects of cII-Thyroxin on Survival Time and Body and Thyroid 
Weight of Thiouracil-Fed Rats Under Cold Room Conditions 


Group 

Daily 
treatment 
received * 

Number 

of 

animals 

Initial 

body 

weight 

Per cent 
surviving 1 

Average 

survival 

time*’* 

Gain in 
body \vt. 
durins 
expt. 3 

Thyroid 

\vt; 3 

Thyroid « t. 
msms./lOO g. 
body wt. 

A 

1 cc. saline 
solution 

6 

g. 

187.8 

0.0 

i 

days 

5.7±0.6 

6- 

mgms. 

— 

B 

0.5 cc. adrenal 
cortical extract 

G 

187.2 

0.0 

4 .3 ± 0.5 

— 

— 

— 

C 

2.5 oo. dl- 
thyroxin 

5 

188.2 

100.0 

28.0±0.0 

13 .4 ± 1 .9 

79.6±5.8 

39.4 

D 

5.0 pg dl- 
thyroxin 

5 

1S8.8 

100.0 

28.0 + 0.0 

9.2±4.0 

43.6 + 6.8 

22.0 

E 

10.0 jig dl- 
thyroxin 

5 

188. G 

100.0 

28.0± 0.0 

/ 

22.2+4.2 

23.0±2.0 

10.9 

F 

20.0 i*e dl- 
thyroxin 

5 

188. G 

100.0 

2S.O±0.0 

19.0±3.0 

22.4 ± 1 .6 

10.7 


1 Experimental period — 28 days. 

* Averages were computed on the basis of a 28 day survival time for animals alive at the termination of tho 
experiment. ' 

3 Including standard error of the mean. 

Findings indicate that thiouracil-fed rats fail to survive under 
cold room conditions in the absence of thyroid hormone. 3 Under 
conditions of the present experiment thiouracil-fed rats in group A 
survived an average of 5.7 days (range 3 to 7 days). Parenteral ad- 
ministration of adrenal cortical extract was without significant effect 
on length of survival. Dl-thyroxin, however, at a daily dose as small 
as 2.5 Mg per day was completely effective in maintaining survival 
during an experimental period of 28 days. All rats administered thy- 
roxin survived and gained weight during the experiment, but differ- 
ences in growth were not statistically significant. Marked differences 
in thyroid weight were observed, however, ' among the 4 groups re- 
ceiving thyroxinr Thyroid weights were largest for the group admin- 
istered 2.5 Mg thyroxin daily and least for those receiving the 10 or 
20 Mg levels. At the latter dosage (groups E and F) thyroid weights 
were significantly less than those observed in similar animals (group 
I) autopsied prior ter the cold room exposure (table 1). The cause of 
death in groups A and B was not inanition for the food consumption 
of animals in these groups did not differ significantly in amount from 
that of animals receiving thyroxin. 

3 Animals corresponding to these in age and weight and fed a similar diet but with 
thiouracil omitted survived under cold room conditions without thyroxin administra- 
tion. The average change in body weight of 6 rats over a 2S day period was —2.2 g. 
Thyroid weight averaged 11.5 mgras.- (range 10.0-13.8 mgms.) or G.2 mgms. per 100 g. 
body weight. 
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DISCUSSION 

Findings indicate that drug therapy may affect resistance to low 
environmental temperature. In the - present experiment thiouracil 
feeding was shown to impair survival at low environmental tempera- 
tures. Unpublished work from this laboratory indicates that similar 
results can be obtained by feeding promin (sodium p,p'-diaminodi- 
phenylsulfone N,N'-didextrose sulfonate) recently shown by this 
laboratory to be goitrogenic (Ershoff, 1948). For both drugs thyroxin 
will significantly prolong survival at low environmental temperatures. 
Presumably similar results may be obtained with other antithyroid 
agents such as rape seed, promizole, thiocyanates, sulfonamides and 
others (Charipper and Gordon, 1947). Failure of survival at low en- 
vironmental temperatures appears under these conditions to reflect 
a deficiency of thyroid hormone. The amount of thyroxin necessary 
to maintain survival, however, appears to be considerably less than 
the amounts normally secreted under cold room conditions (Demp- 
sey and Astwood, 1943). 

, SUMMARY 

Rats made hypothyroid by thiouracil feeding failed to survive on 
exposure to a low environmental temperature. Length of survival 
under these conditions averaged .5.7 days (range 3 to 7 days). One 
hundred per cent survival over a 28 day period was obtained in ani- 
mals similarly treated but administered thyroxin. 
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COMPARATIVE PARENTERAL THYROXINE-LIKE 
ACTIVITY OF NATURAL AND SYNTHETIC 
THYROPROTEINS STUDIED WITH THE 
GOITER PREVENTION METHOD 1 ~ . 

EARL FRIEDEN and RICHARD J. WINZLER 
From the Department of Biochemistry and Nutrition, University 
of Southern California School of M edicine . 

LOS ANGELES 
INTRODUCTION, 

Many investigators have observed that the activity of natural 
thyroid proteins is greater than an equivalent amount of thyroxine. 2 . 
The large disagreement in relative oral potencies between thyroid 
preparations and thyroxine has been explained on the basis of poor 
absorption of the relatively insoluble thyroxine comparison standard. 
The smaller but significant differences in parenteral activity have led 
some workers to attempt to correlate activity with the total iodine 
content of natural thyroid proteins (Gaddum, 1929-30; Means, Ler- 
man and Salter, 1933; Lerman and Salter, 1934; Salter, 1935). Others 
have claimed agreement with the thyroxine content when it is as- 
sumed that the L-thyroxine contained possesses twice the activity 
of D L-thyroxine (Palmer and Leland, 1935; Foster et al., 1936, 
Parkes, 1947). Still others have reported that thyroxine-like activity 
could not be correlated with either total iodine content or thyroxine 
content of natural thyroid proteins (Meyer and Wertz, 1939). It has 
been difficult to settle the problem because of the large experimental 
errors involved in the biological methods available for the deter- 
mination of thyroxine-like activity (e. g. basal metabolic rates, guinea 
pig weight loss, protection against acetonitrile poisoning in mice, 
amphibian metamorphosis, etc.). 

Dempsey and Astwood (1943) were' the first to use the ability of 
thyroxine .to depress the thyroid weights of thiouracil-fed rats as a 
method of deteimining thyroid secretion rates under various environ- 
mental conditions. Mixner, Reineke and Turner (1944) studied the 
effect of thiouracil and thiourea on the thyroid gland of the chick, and 

Received for publication May 14, 1948. 

1 This work was aided by grants from the Harrower Laboratory, Inc., Glendale, 
California and the Bedwell Laboratories, Ine., Los Angeles, California. Acknowledg- 
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1 This subject has been reviewed at length in a number of texts including those 
of Kendall (1929), Harrington (1933), Means (1937), Elmer (1938), Salter (1940). 
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many of the potential variables in the application of the goiter pre- 
vention technique for the biological assay of thyroxine-like activity 
of thyroidal materials were investigated. These same workers subse- 
quently found that thyroid assays in rats by this technique were 
directly comparable with results obtained by the standard metabolic 
method (Reineke, Mixner, and Turner, 1945). Reineke and Turner 
(1945a) employed this method along with other methods to deter- 
mine the relative thyroidal potency of L-thyroxine and DL-thyroxine, 
obtaining essentially the same results with all the different tech- 
niques used. This method seemed to be the one of choice and conven- 
ience for the biological assay of the thyroxine-like activity of thyroac- 
tive substances. 

The improvements in the preparation of synthetic thyroproteins 
by Reineke, Turner and coworkers have been reviewed by Reineke 
(1946). Reineke et al. (1945) reported agreement between the results 
of biological assay based on the measurement of basal metabolic 
rates of guinea pigs, and a modification of the method of Blau (1933, 
1935) for the chemical estimation of the thyroxine content of thyroac- 
tive iodinated proteins. 

This work has been undertaken in order to determine whether the 
biological activity of natural thyroid corresponds to the thyroxine 
content of the preparation, and to compare the biological effects of 
natural and synthetic thyroproteins/ 

\ 

METHODS 

Groups of five or six female albino rats of the University of Southern 
California strain, weighing between 125 and 200 grams, were used through-, 
out these experiments. Prior to the experimental period of 15 days, the ani- 
mals were fed the stock diet previously employed. The rats were fed ad 
libitum with stock diet containing 0.3% thiouracil and for 14 days were 
given daily intraperitoneal or subcutaneous injections of DL-thyroxine or 
appropriate suspensions or solutions of the natural or synthetic thyroid 
proteins (the injection volume usually being about 0.20 ml./lOO g. body 
weight, and the thyroxine level in the range of 1 to 10y/100 g. body weight). 
On the fifteenth day the animals were weighed and sacrificed, and the thy- 
roid glands. removed and weighed to the nearest 0.1 mg. The room tempera- 
ture was maintained at 75 + 3° F., and DL-thyroxine controls were used in 
each series of experiments. Figure 1 shows a typical DL-thyroxine standard 
curve obtained in Experiment I, reported in Table 2. From Figure 1, using 
the method of Dempsey and Astwood (1943), the daily secretion rate of 100 
to 200 gram female rats of the University of Southern California strain at 
24° C. is seen to be G.Oy DL-thyroxine per 100 gram body weight, which is 
in the same range as the 5.0y value reported by Asfrwood and Bissel (1944) 
and the 4.1y DL-thyroxine reported by Monroe and Turner (1946) under 
somewhat similar environmental conditions. In each experiment, the bio- 
logical activity of the thyroactive protein was determined from such a' DL- 
thyroxine-thyroid weight curve run simultaneously with the experimental 
groups. Tables 2 and 3 include no values which give thyroid weights sig- 
nificantly below that of the normal untreated rat. 
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MATERIALS 

The natural thyroid proteins (D-l, D-2, A, B) 3 were analyzed for total 
iodine by the method of Waters and Beal (1945) and for thyroxine by Blau’s 
(1933) method. Preparations D-l and D-2 were two samples of USP desic- 
cated thyroid. A and B were commercially obtained, partially purified thy- 
roid preparations. The synthetic thyroproteins (STP) were prepared es- 
sentially by the method - of Reineke and Turner (1945b). Particular care 


O 



Fig. 1. Typical standard curve showing the effect of DL-thyroxine dose on the thy-, 
roid weight in thiouracil-fed rats. Groups of approximately six 150 to 200 gram female * 
rats were fed a 0.3% tliiouracil diet, for 15 days during which time they received daily , 
intraperitoneal injections of the indicated amount of DL-thyroxine. - 

was taken to minimize any racemization of L-thyroxine by using sodium 
bicarbonate instead of sodium hydroxide to dissolve the proteins in all steps 
of the preparation or testing procedures. STP-1 was subjected to analysis 
for total iodine and thyroxine. Total iodine was determined again by. the 
method of Waters and Beal (1945). The thyroxine content was determined 
by the procedure of Reineke et al. (1945) employing a 40% barium hy- 
droxide hydrolysis, and also by Blau’s method using a 2 N sodium hydroxide 
hydrolysis. The average of four individual thyroxine determinations by the 
former technique Was 2.6%. Duplicate analyses bn STP-1 by Blau’s method 
gave also 2.6%. Thus, in this limited investigation, there was no evidence of 
significant differences between Blau’s method and that of Reineke et al. for 
the determination of thyroxine in iodinated proteins. However, the possibil- 
ity exists that the observed thyroxine values may be high due to the presence 
of non-thyroxine iodine in the final butyl alcohol fraction. This possibility 
is strengthened by the biological data reported later. STP-2, 3, 4 were ana- 

3 The natural thyroid proteins were provided by the Harrower Laboratory, Inc. 
Glendale, California. 
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lyzed for thyroxine by Blau’s method in view of the results obtained with 
STP-1 . IC-1 was an iodinated casein product prepared in such a manner that 
a minimum amount of thyroxine would be formed. Though it contained 
4.1% iodine, its thyroxine content was less than 0.1%. The important ana- 
lytical data on the various proteins employed in this investigation are com- 
piled in Table I. 

The proteins were dissolved or suspended in an excess of dilute sodium 
hydroxide or 1% sodium bicarbonate with the aid of a mortar and pestle, 
the pH adjusted to 8.0 +0.5 and the solution made up to volume. A highly 
satisfactory suspension of the natural thyroid proteins was obtained in this 
manner. The synthetic thyroproteins were readily soluble under .the above 


Table 1. Total Iodine and Thyroxine Contents of Natural 
and Synthetic Thyroid Products 


Preparation 

Per Cent 

Total Iodine 1 

Per Cent 
Thyroxine 

Desiccated Thvroid-1 

0.52 

0.26 

Desiccated Tlvvroid-2 

0.64 

0.31 

Product A 

0.99 

0.46 

Product B 

0.27 

0.13 

STP-1 

10.7 

2.6 

STP-2 

7.7 

2.4 

STP-3 

8.6 

2.9 

STP-4 

8.9 

2.3 

IC-1 ' 

4.1 

0.1 


conditions. DL-thyroxine 4 was dissolved in a minimum amount of 0.1 N 
NaOH, the pH ajdusted to 8.0 ±0.5 and the solution made up to volume. 

RESULTS 

Thyroxine-like activity of parenterally administered natural thyroid 
proteins. Table 2 lists the data obtained on three independent ex- 
periments testing the thyroxine-like activity of the various thyroac- 
tive proteins when administered intraperitoneally. In the last column 
is given the ratio of the biological activity of each preparation to its 
thyroxine content. If it be assumed that L-thyroxine possesses twice 
the biological activity of DL-thyroxine, this ratio should have a max- 
imum theoretical value of 2.0. However the ratios for the natural thy- 
roid preparations D-l, A, and B were 4.0, 3.1 and 4.5 respectively. 
The difference between these values and the theoretical is far greater 
than can be due to experimental error, and indicates that the biologi- 
cal activity of natural thyroid proteins is some four fold greater than 
thd activity of equivalent doses'of DL-thyroxine when both are ad- 
ministered intraperitoneally. In Table 3, a ratio of 5.3 was obtained 
with desiccated thyroid injected subcutaneously in comparison to 


4 We are indebted to Dr. Kenneth W. Thompson of Roche-Organon, Inc., Nutley 
10, New Jersey for a generous supply of DL-thyroxine. 
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DL-thyroxine also subcutaneously administered. The potency . of 
subcutaneously and intraperitoneally administered DL-thyroxine has 
not been found to differ significantly in these experiments. _ 

These data confirm the work of .many earlier investigators who 
were unable to account for all the thyroxine-like activity of natural 


Table 2. The Thyboxine-Like Activity of Naturae and Synthetic 
Thyroactive Proteins When Administered by 
Intraperitoneal Injection 


„„o.3% .. 

No. of 

Administered Dose 

Av. 

Wt. 

Animals 

Average i 

Thyroid 

Weight 

Biological 

Response ? 

Biological 

Response 

plus 

Animals 

(Mg.) 

(y Thyrox.) 

(ern.) 

(Mg./100 gm.) 

(y Thyrox.) 

| Adm. dose 



(100 gm.) 

(100 gm.) 

Experiment 1 





36.8±7.9' 



Controls 

8 


— 

166 

— 

— 

DL-thyroxine 

6 



5.00 

171 

14.2 + 3.1 

5.00 

1.00 

Desiccated Thvroid-1 
Prod. "B” 

5 

0.509 

1.562 

159 

9 . 5 ± 1 . 8 

6.00 

3.90 

5 

1.00 

1 .31 

162 

9. 7 + 2. 2 1 

5.90 

4.50 

Prod. “A” 

5 

0.374 

1.72 

161 

12.4 + 2.8 

5.75 

3.30 

STP-I 

6 

0.060 

1.56 

165 

28.1+4.8 

1 .70 

1.10 ■ 

L-D i iodo tyrosi ne 

4 

25.0 

— 

150 

10.8 ± 1 .3 

5.70 

— 

Experiment 2 
Controls 

0 



147 

33.0 + 2.6 



DL-thyroxine 

6 

— 

6.00 

176 

0.3±1.S 

6.00 

1.00 

DesiccatedThyroid-1 

6 

0.539 

1.40 

192 

10.4 + 1.9 

5.60 

4.10 

Prod. "B" 

6 

0.840 

1.10 

184 

14.8 + 1.3 

5.00 

4.50 

Prod. "A" 

e 

0.391 

1.80 

192 

10. 5 ±1.4 

6.20 

3.20 

STP-1 

6 

0.193 

5.00 

193 

11.6 + 1.7 

5.60 

1.10 

L-Diiodo tyrosine 

e 

15.0 

— 

153 

17.S±3.2 

4.20 

— 

Experiment 3 
Controls 

s 



192 

27.5 + 4.3 



Ur. -thyroxine 

5 

— 

4.00 

182 

10. 6± 1 .8 

4.00 

1.00 

Desiccated Thyroid-1 . 

5 

0.431 

1.12 

16S 

S.6±0.4 

4.40 

3.90 

Desiccated Thyroid-2 

5 

0.362 

1.12 

182 

10.3 ± 1 . 1 

4.00 

3.60 

Prod/TV 

5 

0.763 

1.00 

169 

8. 7+2.5 

4.35 

4.40 

Prod. “A” 

6 

0.307 

1.41 

178 

10.3 + 2.9 

4.10 

' 2.90 

STP-1 

5 

0.164 

4.10 

167 

8. 9+1.7 

4.30 

1.00 

STP-2 

7 

0.146 

3.50 

169 

14.0 + 4.2 

3.15 

0.90 

STP-3 

4 

0.121 

3.50 

188 

14 .5 ±3 .0 

3.00 

0.85 

STP-4 

r> 

0.152 

3.50 

166 

13.2 + 3.4 

3.35 

0.95 

IC-I 

5 - ] 

2.60 


171 

29.0 ±3 .4 

0.00 

0.00 

Normal Controls 








No -Thiouracil 

9 

— 

— 

230 

9.5±1.3 

— 

‘ 


1 Average deviation. 

- Based on chemical analysis. 

3 Estimated to the nearest 0.057 from DL-thyroxine dose (I.P.)-response curve for particular experiment. 


thyroid proteins in terms of their thyroxine content. Foster and co- 
workers (1936), however, have reported that the activity of natural 
thyroid proteins is accounted for if it be assumed that D-thyroxine 
is inactive and that all the thyroxine present in the thyroid proteins 
is in the L-form. However, these findings were based on a comparison 
of orally administered thyroid protein with injected thyroxine. Pre- 
liminary data obtained by us indicate that orally administered natu- 
ral thyroid preparations are appreciably less potent than when they 
are given parenterally, making it clear that comparison of activities 
should only be made when both materials are given by the same route. 
When this is done, a striking excess activity is observed for natural 
thyroid proteins. 
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Thyroxine-like activity of parenterally administered synthetic thy- 
roid proteins. In contrast to the results obtained for natural thyroid 
proteins, synthetic thyroproteins showed less thyroxine-like activity 
than expected from their L-thyroxine content, the ratio of biological 
activity to chemical thyroxine content averaging 1.0. It is not be- 
lieved that the preparation of iodinated proteins involves any exten- 
sive racemization of the L-thyroxine formed. Indeed, Reineke and 
Turner (1943) have isolated L-thyroxine from similarly prepared 
materials. Thus, the data presented in Tables 2 and 3 leads to the 
conclusion that the thyroxine-like activity of parenterally adminis- 
tered synthetic thyroproteins is less than that predicted from their 
L-thyroxine content. This finding conflicts somewhat with the ex- 

Table 3. The Thyroxine-:Like Activity of Naturae and Synthetic Thyroid 
Proteins When, Administered by Subcutaneous Injection 
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Thiouracil 
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' , 

130 

30.0 + 2.91 





DL-thyroxine 

6 

— 

2.00 

132 

24 .4 ±2 .4 1 

2.00 

1.0 

D L-thyroxine 

6 

— 

4.00 

127 

13.0+2.2 

4.00 

1.0 

STr-i 

6 

0.135 

3.50= 

134 

21.3 + 2.4 

2.20 

0.65 

Desiccated Thyroid-1 

4 

0.336 

0.875* 

133 

11.0±0.3 

4. GO 

5.30 


1 Average deviation. 

* Based on chemical analysis for thyroxine. 

* Estimated to the nearest 0.05? from DL-ths-Toxine dose (subcutaneous)-response curve for particular 
experiment. 

tensive data of Reineke et al. (1945) who reported that in a group 
of 15 thyroactive iodinated casein preparations the chemical thy- 
roxine content was only about 10 % greater than the biological assay 
of L-thyroxine as determined from their influence on the metabolic 
rates of guinea pigs. This would correspond to a ratio of 1.8 as defined 
above. The possibility that our chemically determined thyroxine val- 
ues are higher than those actually existing in the iodinated casein 
has not been sufficiently excluded, however, and this may account 
for our ratios of less than 2.0. Preliminaiy tests have indicated a 
greatly diminished oral activity of thyroactive iodinated casein in the 
rat, the thyroxine-like activity being approximately 15% of the same 
dose administered intraperitoneally. This is in qualitative agreement 
with the observations of Turner and Reineke (1946) on the utilization 
of synthetic thyroproteins by sheep. 

DISCUSSION 

There are several possible explanations which might account for 
the excess parenteral potency of natural thyroproteins as compared 
to crystalline thyroxine. 

Differences in rates of absorption, excretion, and destruction of 
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thyroxine in natural and synthetic thyroid proteins and in the DL- 
thyroxine standard may be the explanation of these observations. It 
is not unlikely that the rate of utilization of proteins and free amino 
acids when given by this route may vary considerably, and differences 
in excretory rates rates are equally possible. The order of solubility 
of thyroactive proteins at pH 8.0 ±0.5 was STP>A>D^B; while 
the order of activity was B >D > A >STP. This might be interpreted 
as relatively slower, more effective parenteral release of the less solu- 
ble natural thyroactive poteins. 

The possibility of a rather specific synergism between thyroxine 
and the diiodotyrosine-like fractions of natural thyroid proteins has 
been postulated by many investigators. Studies of thyroxine-like 
activity of 3,5-diiodo-L-tyfosine indicate that while this substance is 
active in the goiter prevention test, it is less than 0.1% as active as 
DL-thyroxine as shown in table 2. Thus, the greater activity of 
natural thyroid proteins cannot be accounted for directly by their 
diiodotyrosine content. There was no evidence of any thyroxine-like 
activity of diiodotyrosine in IC-1 when given at a level of 0.21 mg. 
diiodotyrosine equivalent/ 100 grams of body weight. The diiodo- 
tyrosine-thyroxine ratio was as great as 5 : 1 in the STP preparations 
with no indication of extra-thyroxine potency. Thus, only a very 
special synergism, perhaps dependent upon ease of in vivo conver- 
sion of diiodotyrosine to thyroxine or a thyroxin e-diiodotyrosine pep- 
tide, could explain the observed greater activity of natural thyroid 
proteins on the basis of the non-thyroxine iodine fractions. 

Harington and Randall (1929) have been able to account for the 
organic iodine of the thyroid in the forms of 3,5-diiodo-L-tyrosine 
and L-thyroxine, suggesting that other iodine containing compounds 
with thyroxine-like activity do not exist in the thyroid gland. How- 
ever, no decisive information can yet be marshalled to exclude or ac- 
cept the suggestion that peptides containing both thyroxine and di- 
iodotyrosine may be more active than thyroxine alone. An argument 
against this possibility is the recent observation of Taurog and Chai- 
koff (1948) in which free thyroxine has been demonstrated in rat. 
plasma. 

The possibility also exists that hormones unrelated to thyroxine 
which affect metabolism or the pituitary-thyroid axis may occur in 
the thyroid gland (Mansfeld, 1943), and thus result in the excess 
potency observed in this work. 

SUMMARY 

The goiter prevention method has been employed to determine 
the thyroxine-like activity of parenterally administered natural and 
synthetic thyroid proteins. Natural thyroid proteins, have consist- 
ently shown more thyroxine-like activity than could result from their 
thyroxine content, even assuming that L-thyroxine possesses /twice 
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the activity of DL-thyroxine. However, when compared on the same 
basis, synthetic' thyroproteins have revealed only one-half the pa- 
renteral activity expected from their L-thyroxine content as deter- 
mined by the available chemical methods. 

, Suggested explanations of these effects include possible differences 
in rates of absorption, utilization and excretion of the thyroactive 
proteins and the DL-thyroxine comparison standard, a possible spe- 
cific synergism of diiodotyrosine-like and thyroxine-like fractions of 
natural thyroid proteins, and the possible presence of thyroid hor- 
mones unrelated to thyroxine which affect the pituitary-thyroid axis. 
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A MODIFIED' TURBIDIMETRIC METHOD FOR THE 
ASSAY OF HYALURONIDASE 

G. H. WARREN, J. G. DURSO and N. R. LEVIN 
From the Wyeth Institute of Ay-plied Biochemistry 

PHILADELPHIA, PENNSYLVANIA 

With the possible exception of the turbidimetric assay, no reliable 
or practical method exists for the accurate determination of the po- 
tency of hyaluronidase preparations. Although the turbidimetric 
method is by no means ideal, it does lend itself to the performance of 
a large series of tests and it is accurate ho within 10 per cent (Meyer, 
1947). _ ' ■ 

A modification of the turbidimetric hyaluronidase assay is being 
used in this laboratoiy with good results. It is based on the turbidi- 
metric method las developed bj r Seastone (1939, 1943), Kass and 
Seastone (1944), and Leonard, Perlman and Kurzrok (1946). The 
modification in assay procedure is the result of the daily handling for. 
approximate^ eleven months of 10 to 20 assays under practical 
working conditions. With careful attention to details, the method is 
accurate to within +5 per cent. 

MATERIALS AND METHODS 

Stcmdard hyaluronidase preparations. In order to minimize day-to-day 
deviation of assay values, a dry hyaluronidase preparation (bull testis) is 
set aside as the standard enzyme. The preparation is run side by side with 
the unknown test solutions. For convenience, the standard is assigned an 
arbitary potency of 1.0 turbidity reducing unit per milligram. A standard 
curve is obtained by plotting the average of two turbidity readings against 
five enzjune concentrations (.05, .04, .03, .02, .01 mg/ml). A second stand- 
ard, the potency of which was established by repeated tests, is also assayed 
daily with the unknowns. It is, therefore, possible to determine the accuracy 
of the results on any one day. The potencies of the enzyme samples are com- 
puted by comparison with "the standard curve. The turbidity readings are 
then converted to milligrams as compared with the standard (see table 1). 

Estimation of hyaluronidase activity. For the determination of enzyme 
activity, a dry hyaluronidase sample, previously diluted to 1 mg/ml with dis- 
tilled water, is maintained at 24°C. for 30 minutes. The hyaluronidase- is 
further diluted with 0.02 M acetate buffer pH 6.0 to the appropriate dilution 
range. The varying concentrations of enzyme, in duplicate, are now dis- 
tributed in a series of tubes and the volume is adjusted to 0.5 ml with buf- 
fer solution. To each tube is added 0.5 ml of a purified potassium hyaluronate 
(umbilical cord) dissolved in 0.1 M acetate buffer pH 6.0 to a concentration 
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Since the time consumed in reading the turbidities of 15 duplicate 
samples is approximately 75 'minutes, the performance of a large 
number of tests on any one day was jeopardized by the misleading 
assay values. This discrepancy was eliminated bj r the adoption of a 
“stagger” plan, i.e., two samples in duplicate were diluted, mixed 
with the standard amount of polysaccharide and incubated at'37°C. 



Fig. 1. A Typical Standard Curve 

in a water bath ; a 10 minute interval was permitted to elapse before 
the remaining samples, in groups of two, were similarly set up. This 
modification standardizes the time factor between sampling and 
reading the turbidity in a large series of assays.' The results on any 
given preparation were found to be highly reproducible. 

DISCUSSION 

The turbidimetric method for the assay of hyaluronidase defines 
a' turbidity reducing unit (TRXJ) as that amount of enzyme which 
reduces the turbidity given by 0.2 mg of hyaluronic acid to that 
given by 0.1 mg (Kass and Seastone, 1944; Leonard Perlman and 
Kurzrok, 1946; Meyer, 1947). However, samples of purified hyalu- 
ronic acid fractionated in this laboratory and in other laboratories 
were found to possess variable reaction rates with the same concen- 
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THE EFFECTS OF PITUITARY AND N ON-PITUITARY 
GLAND FACTORS ON THE FORMATION OF INTRA- 
CELLULAR COLLOID DROPLETS IN THE THYROID 
EPITHELIUM OF HYPOPHYSECTOMIZED RATS 1 

SAMUEL DVOSKIN 2 

From { he Department of Anatomy, College of Physicians &. Surgeons, 

Columbia University 
NEW YORK, NEW YORK 

The presence of droplets of colloid within the thyroid epithelium 
was first described in 1872 by Verson in fresh tissue. They were soon 
after described in fixed thyroid tissue by Gutknecht '(1885) and 
Biondi (1888, 1892). Early workers described their occurrence fol- 
lowing the injection of various chemicals (Andersson, 1894; Hurthle, 
1894; Galeoti, 1897), or after certain operative procedures unrelated 
to the thyroid or pituitary glands (Hurthle, 1894; Thomas, 1934). 
More recent work established a relationship between the formation 
of intracellular colloid droplets and thyrotrophic hormone. Droplets 
form promptly after the administration of exogenous thyrotrophic 
hormone to intact animals (Grant, 1930, 1931; Severinghaus, 1933; 
Uhlenhuth, 1936; Okkels, 1934; Ponse, 1938; Aleschin, 1935, 1939; 
Ponse and Altschuler, 1940; De Robertis, 1941, 1942) with dosages 
of hormone smaller than those needed to increase thyroid cell height 
of gland weight (De Robertis and Del Conte, 1944; Dvoskin, 1947b). 
They appear also after presumably enhanced endogenous thyro- 
trophic hormone production caused by partial thyroidectomy 
(Hurthle, 1894; Tschassovnikoff, 1915; Ishimaru, 1926; Satwornitz- 
kaja and Simnitsky, 1932) and by thiourea or thiouracil administra- 
tion (Thomas, 1944; Grasso, 1946; Dvoskin, 1947c.) 

However, droplet formation may not always be a specific re- 
sponse to thyrotrophic hormone. Thus Langendorff (1889), Lubcke 
(1902), Champy (1915), Demuth (1932) and, more recently, Dvoskin. 
(1947d) demonstrated that, in vitro, colloid infiltrates the epithelium 
and forms intracellular colloid droplets in the absence of added thy- 
rotrophic hormone. This does not deny the fact that droplet formation 
may also be induced in vitro under certain conditions with thyro- 
trophic hormone (Junqueira, 1947; Dvoskin, 1947 d), but suggests 
that this response lacks specificity for thyrotrophic hormone. 

Received for publication May 24 1948. 

1 Aided by a grant, administered by Dr. P. E. Smith, from the Rockefeller Founda- 
tion. 

■ Ayerst, McKenna and Harrison Fellow of the American Association for the Study 
of Internal Secretions, 1947-1948. ' 
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The following experiments were undertaken in order to study the 
factors related to droplet formation in the thyroid of living animals. 

METHODS 

The first group of experiments was performed on hypophysectomized 
rats in order to rule out the possibility of participation of the test animals’ 
own pituitary gland in the reaction. Male rats of the Long-Evans strain, 
ranging from 50 to 80 days of age, were hypophj'sectomized by the para- 
.pliaryngeal approach. Completeness of removal of the hypophysis was as- 
certained in all cases by study of serial sections of the pituitary capsules. 
The solutions tested were administered by intracardiac injection one day 
after operation. One series of experiments was designed to determine the 
influence of time after injection on the response due to a fixed dosage of 
pituitary extract. Since the maximum number of droplets formed one hour 
after injection, another series of experiments was performed to study the 
response due to various dosages of this pituitary extract 3 and of a standard 
pituitary gland preparation 4 at one hour after injection. Since thyroxine was 
later to be used to inhibit the secretion of thyrotrophic hormone in intact 
animals, it was important to determine whether it or iodide could directly 
inhibit droplet formation in the thyroid of hypophysectomized rats due to 
simultaneously administered thyrotrophic hormone. 

The specificity of droplet formation by thyrotrophic hormone was tested 
by administering toxic dosages of typhoid vaccine or histamine diphosphate 
or pilocarpine hydrochloride to hypophysectomized rats, and studying the 
effect on droplet formation one hour after the first injection. Typhoid vac- 
cine and the lower dosages of histamine and pilocarpine were administered 
by a single intra-cardiac injection. The higher dosages of histamine and 
pilocarpine were administered in divided dosages over an hour period. Half 
the dosage was administered by intracardiac injection. The remainder was 
. given subsequently by intraperitoneal injection. 

Another series of experiments was performed to determine the number 
. of droplets which formed at 1, 8 or 20 days after hypophysectomy. These 
animals were given an intracardiac injection of 50 fig. of hog pituitary extract 
or 1 cc. of typhoid vaccine and autopsied one hour later. 

Fresh unmodified pooled sera from rats subjected to the following ex- 
perimental conditions were injected into the heart of hypophysectomized 
rats in 2 cc,' amounts in order to determine the effect on droplet formation : 
a. Sera from normal young female rats housed at room temperature, b. Sera 
from young female rats exposed to 5° C. for 16 hours prior to exsanguination.. 
Exposure to cold (Cramer, 1928; Kenyon, 1933; Kuschinsky, 1935; Woitke- 
witch, 1935; Bailiff, 1937; Uotila, 1939; Starr and Roskelley, 1940) is known 
to result in stimulation of endogenous thyrotrophic hormone secretion as 
evidenced by increase in thyroid cell height, c. Some of this serum (b) was 

5 The pituitary extract used was a five-year-old flavianic acid precipitate prepared 
from hog whole pituitary glands by Dr. George Smelser. This extract contained large 
amounts of thyrotrophic hormone, and was the same as that assayed on chicks, in an 
earlier paper (Dvoskin, 1947b). A generous supply of this extract was available through 
the kindness of Dr. Smelser. 

* Hold for the Health Organization of the League of Nations by the National Insti- 
tute for Medical Research, London, and obtained from the Committee of Revision of 
the Pharmacopoeia of the United States of America, Philadelphia, Pa. 



54 


a,s ° incubated a, „ DTOsk W ’ ' 

s «u m , f 0 ° f} ‘ e . m perat ure lvit)i ''oi Un , e 43 

J* of J Wg . 


r tne start anrf " T ntil 1Q 0 m nf o i. ea rat s which i, ^ , prese « 

, 0rn n °nnal younp- * S , t yro,dG ctomv n'Ji S a fr ° m rats ! 1]mv «g thy - 

stimulate stL f'' 0 ^ SBwSfg^W* C s ?M* e ‘ ? dayLf™ 
% ? d *U iSg Ta„1 ®^fct m ld **&&%$? r d 

;■! tensi »sstriir • -™ te: ,; 

*rjr •» “?£ s j™ »*•«. .,,„ 

° r ,et ^ toTai aSGS - Sin <* Se pos ^ ® thiouracil t le fetter 'ere' 
t,0n - and served « ' Zed r ^s JereTJ muhted dronJeff ° Perati °ns were 

^:S??s£:: ed - 

Wuced by 

animais ^^3?^- 

1 on could bo i„du!"^-" ere designed , , g 0,d ' ex Pos U re or 

-Stdoe-' :,^r" T?o° f d ™Plet forma 

fecta of tblf U,e Pituitary . g ° d ™eo (Astwood i f 

« v _ cn JT oxine • . •> & ia nd was fuel , . u > et a]., 

ass tr^* - * 

a** >-*%Trr‘ 

°< »■« »pp&d r ,ets of 

^ ™-s=^sS ueh “• — «f ,» d tr ;•; w 

0 «“ »»ppiw ,„ roue „ .. , “‘ m ' c ‘ l a«„„ 

courtesy of IJ 0 g manti _ 



J «iy. 104 s 


UI ? er to study th P ine - y Provided e f , t,le se peUet, , K CJl ° 

"wti. 7 «S3ti3~=: a 

medulla (Caimn J! cortex (Lon? in,- the tllyrox >ne 

Sr «« 

"Pinephrfee ™ P j re "' as studied tl,e Spouse of •,? d , to the ac- 

cept at ,”„r “* e,Wl “rticai exr c f‘“. «» effect of fn e ° t0mized 

... * *he»2 ture «. r dropfei ^rt:";r , rr i ‘ h - 


J ’ ' vere enlculatec 

-?. Effect of p-f • Results. 

**■ rite 

° n l“ ** Cieto :sff:r^/ooZ7Z:^ ^ 's 

fd ™X of ,4ff n of “ d 

^^SS||5£=fS? 



rat ‘hyroid epithel . um 



56 


DVOSKIN 


Volume 43 


100 Mg* of the hog pituitary extract and that of untreated controls 
was at the borderline of statistical significance, while the cell height 
of animals treated with 50 Mg* was not significantly increased over the 
controls. 

The International Preparation of the Anterior Pituitary Gland 
Substance of the Ox was tested for its effect on droplet formation at 
two dosage levels. The slope of the fine which may be plotted from 
the number of droplets which appeared following injection of this 
preparation closely resembles that obtained with the hog pituitary 


Table.!. Intracellular Colloid Droplets in Thyroid Epithelium of Male 
Rats One Day- After Hypophysectomy and After Varying Times After Intra- 
cardiac Injection with 50 fig. of Hog Pituitary Extract in 0.5 cc. of Water 


Time — min. I 
after 
injection 

No. of 
ani- 
mals 

No. of 
droplets in 

25 follicles 
Average ±<r 

Actual results 

P 1 

30 

0 

387 + 67 

314,319,410,436,458 

- 

60 

5 

432 ±65 

352, 393, 397, 509, 509 

>0.2 

120 

5 

114 ±26 

0,10, 12,26, 66 

<0.01 

180 

5 

15 ± 4 

0,0, 2, 3, 10 

<0.01 


1 P value of group compared, with one treated for 30 minutes. 


extract. Comparison of the activity of a solution prepared from 150 
jug. of the International Preparation with the dosage-response curve 
of the hog pituitary preparation shows -that it was roughly as active 
as 3.5 jug* of the hog pituitary extract. The solution prepared from 
750 Mg* of the International Preparation was roughly as active as 18 
Mg. of hog pituitary extract. Albert, Rawson, Merrill, Lennon and 
Riddell (1946) reported that 15 mg. (15,000 Mg*) of the International 
Preparation was equal to one Junkmann-Sehoeller Unit. On this 
basis one may say that this test method is able to detect the activity 
in a solution prepared from 150 Mg* (Table 2) or 0.01 Junkmann- 
Sehoeller Unit. 

The administration of 10 Mg* of d, 1-thyroxine, a dosage which 
will inhibit droplet formation in normal animals, did not influence 
droplet formation due to the simulatneous injection of 50 Mg*- of 
pituitary extract (Table 2). The injection of 100 Mg* of Nal also did 
not influence the results of injection of pituitary extract (Table 2). 

2. Specificity of the Reaction. The injection of 1 cc. of typhoid 
vaccine invariably resulted in the formation of colloid droplets in the 
thyroids of hypophysectomized rats (Table 2, Fig. 4). The injection 
of 1 mg. of histamine stimulated droplet formation in half of the 
animals treated with this dosage, while 3 mg. of histamine stimulated 
droplet formation in all animals (Table 2, Fig. 3)! Similarly, 1 mg. 
of pilocarpine elicited droplet formation in one of six animals, while 
15 mg. resulted in droplet formation in all animals (Table 2). 



July, 1948 SPECIFICITY OF THYROTROPIN ASSAY 57 


Table 2. Intracellular Colloid Droplets of Thyroid Epithelium of Adult 
Male Rats, One Day After' Hypophysectomy and One Hour After 
the Intracardiac Injection of the Following Materials 


Group 

No. 

of 

ani- 

mals 

No. of 
intracellular 
colloid 
droplets in 
25 follicles 
Average ±tr 

Actual results 

■ 

P> 

Uninjected Controls 

10 

0 ±0 

0,0, 0,0, 0,0, 0,0, 0,0. 


1 cc. Tyrode’s Solution 

3 

0 ±0 

0 , 0 , 0 . 


1 /xg- Hog. Pit. Extr. 

5 

0+0 

0,0, 0,0,0. 


5 Mg- Hog. Pit. Extr. 

■ 5 

25 + 17 

7,8,28,41,42. 

<0.01 

10 mS- Hog. Pit. Extr. 

5 

51 ±12 

38, 40, 48, 63, 65. 

<0.01 

25 Mg- Hog. Pit. Extr. 

5 

291+69 

235,242,246,360,373. 

<0.01 

50 Mg- Hog. Pit. Extr. 

5 

432+65 

352,393,397,509,509. 

<0.02 

100 Mg- Hog. Pit. Extr. 

5 

647 + 125 

510, 526, 670, 692, 839. 

<0.02 

50 Mg. Hog. Pit. Extr. 
and 10 Mg- thyroxine 

5 

414 ±66 

326, 378, 424, 442, 500. 

>0.07 

50 Mg- Hog. Pit. Extr. 
and 100 Mg- Nal 

5 

414 + 37 

371,385,420,430,465. 

>0.3 

150 Mg. Ox. Pit. 

(Int. Standard) 

5 

13+6 

6, 9,11,19, 20. 


750 Mg- Ox. Pit. 

(Int. Standard) 

5 

HSi 

112, 143, 1S1, 1S3, 251. 


1 cc. Typhoid Vaccine 

6 

46+24 

17,21,44,55, 56, 82. 


1 mg. Histamine 
Diphosphate 

8 

41 +67 

0,0, 0,0, 4,28,139,158. 


3 mg. Histamine 
Diphosphate 

o' 

46+27 

15, 25, 35,47,71,84. 


1 mg. Pilocarpine 
Hydrochloride 

6 

5+67 

0,0,0,0,0,30. 


15 mg. Pilocarpine 
Hydrochloride 

6 

33 ±23 

7,18, 24,26, 53,67. 


2 mg. Thiouracil 

5 

0+0 

0, 0 , 0 , 0 , 0. 



1 P value comparing group with one treated with the next lower dosage. Groups 
treated with' thyroxine or Nal and hog pituitary extract are compared with the one 
treated with the same amount of pituitary extract alone. 


There was a rough correlation between the toxic effect of materials 
administered and the number of droplets which formed. In general, 
the larger and more toxic dosages were more effective in stimulating 
droplet formation than the lower less toxic dosages. In most cases, 
the injection of a material which prostrated the animals stimulated 
droplet formation. The droplets which formed after injection of these 
toxins were most numerous in the peripheral follicles, and were 
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never as numerous as after injection of the large dosages of non-toxic 
pituitary extract. 

8. Effect of Time After Hypophysectomy on Droplet Formation. 
The number of droplets which formed one hour after the intracardiac 
injection of 50 y.g. of hog pituitary extract was markedly lower at 8 
than at 1 day. -after hypophysectomy. A further reduction in the 


Table 3. Intracellular Colloid Droplets and Cell Height of Thyroid Epi- 
thelium of Hypophysectomized Male Rats at Various Times After Operation 
and One Hour After Injection of Pituitary Extract or Typhoid Vaccine 



Days 

after 

hypophy- 

sectomy 

No. 

of 

ani- 

mals 

• No. of droplets in 25 follicles 

Cell 

height — 
microns 
Av. ±<T 

Treatment 

Av. ±<r 

Counts in individual 
animals 

50 jig. Hog. 
Pituitary 
Extract. 

1 

0 

432 ±65 

352, 393, 397, 509, 509. 

' 7 .8 ±0 .9 

8 

3 

222 ±39 


4 .9 ±0 .2 


20 

3 

70 ±22 

49,70,92. . 

3 .9 ±0 .3 

1.0 cc. 

Typhoid 

Vaccine 

1 

6 

46 ±24 

17,21,44,55,56, 82. 

7 . 1 ±0.5 

8 

4 ' 

8 ±5 

3,3, 12, 12. 

5 .0 ±0 .2 


20 

4 

0±0 . 

0,0,0, 0. 

3 .4 ±0 .3 ■ 


number of droplets occurred if a 20 day period elapsed before the 
injection (Table 3). 

A progressive decrease in the number of droplets was also ob- 
served following the injection of 1 cc. of typhoid vaccine at increasing 
periods after hypophysectomy. Indeed, at 20 days after operation, no 
droplet formation after typhoid injection was observed (Table 3). 
However, it was difficult to be absolutely certain of this since the 
nucleoli, which stained like colloid droplets, were abundant in the 
nuclei which filled the flattened epithelial cells. 

J t . Effect of Sera. Rat sera were never toxic or lethal when ad- 
ministered to hypophysectomized rats by intracardiac injection. Of 
the rat sera tested, only those from certain of the thjuoidectomized or 
thiouracil-treated normal rats stimulated droplet formation in the 


Plate 1 . Thyroids of hypophysectomized male rats one day after operation and one 
hour after the intracardiac injection of the following materials. X 445. 

Fig. 1. Untreated control. 

Fig. 2. 100 jig. of hog pituitary extract in 0.5 cc. of water. 

Fig. 3. 1 mg. of histamine diphosphate in 1.0 cc. of water. 

Fig. 4. 1 cc. of typhoid vaccine. 

Note absence of intracellular colloid droplets in thyroid epithelium in Fig. 1, and 
presence of droplets in Figs. 2, 3 and 4. 
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Plate 1 . See opposite page for explanation. 
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Most of the human sera, and particularly those of post-operative 
patients, were toxic and even lethal to the test animals. Positive re- 
sponses were frequent and seemed unrelated to the clinical status of 
the donor individual. Droplet formation was occasionally stimulated 
by injection of serum from normal individuals or from non-thyroid 
post-operative cases (Table 5). The numbers of droplets which 
formed seemed related to toxicity of the sera in the normal group. 
Although droplet formation was usually prominent following the in- 


Table 5. IntiiaceijLUi.au Colloid Droplets of Thyroid Epithelium of Adult 
Rats, One Day After Hypophysectomy and One Hour After tiie Intracardiac 
Injection of 2 cc. of Serum from Patients with the Following Thyroid Diseases' 


Diagnosis 

Normal 

Untreated 

hyper- 

thyroid 

Iodine- 

treated 

hyperthyroid 

Thiouracil- 
t rented 
hyper- 
thyroid 

Post 

thyroid- 1 

cctomy 

Post 

operative 
, (not 
thyroid- 
ectomy) 

No. of Colloid i 
Droplets in 25 
Follicles 

Actual Results , 

0,0. 

0,0. 

0,0,0. 

0, 0,0. 

0,4. 

0,5. 

If., 37,50. 
30,51. 

G5, 79. 

0,0,0,12. 
14,15,25,73. 
32, 00, 101. 

0, 15, 22. 

17, 10, 47. 
7,32,40,45, 115. 

j 

! 

0, 20. 
14,20. 

8, 0. 

14,20,30. 

31,32,40. 

40, 78. 

40,76,113,172. 

135. 

121,137,147. 

2,4. 

9. 

45, 74. 

Average No. of 
Droplets and 
Toxicity 1 

0 0 

0 0 

0 0 

0 0 

2 0 

3 0 

30 + + + 

41 +4- 

72 + + 

0 +' 

32 + + + 

04 + 

12 + 

28 + + + 
48 + 

10 + 

23 + 

9 + + + + 
28 + + + 
34 + + + 
59 + + + 
101 + + + 
135 + + + + 
135 + + + 

3 + +’+ 

9 4-++ 
00 + + + 


* 0 non-toxic. 

+ slightly toxic. 

4* 4* somewhat toxic. 

+ 4-4* toxic and lethal to some rats. 
+ + 4*4* lethal to all rats. 


jection of the more toxic sera in the other groups, there were some 
sera which were very toxic and which stimulated the formation of 
but few droplets (Table 5)/ ' 

5. Effect of Hypophysectomy on Droplet Formation. A group of 12 
normal rats were exposed to 5°C. for 2 hours. At this time the left 
lobe of the thyroid of each animal was removed. These lobes con- 
tained an average of 70 droplets with a range of from 16 to 175. 
Hypophysectomy was performed at this time in half of these animals, 
and the pituitary glands were not removed in the other half. Ex- 
posure to cold was continued for an additional 16 hours. At the end of 
this time, the right lobe of the thyroid of each hypophysectomized 
animal was completely free of colloid droplets, while the thyroids of 
the animals with intact pituitary glands contained- an average of 66 
droplets with a range of from 23 to 147 colloid droplets. 

Hypophysectomized rats, exposed to 5°C. for 2 hours one day fol- 
lowing operation, did not form any colloid droplets in their thyroids 
(Table 6). 
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The daily subcutaneous injection of 8.9 mg. of Nal in rats fed 
0.1 thiouracil for 14 days did not reduce the number of intracellular 
colloid droplets or the cell height of the thyroid (Table 7). Thyroid 
weight, however, was reduced by about one-third. 

7. Are the Adrenal or Its Secretions Responsible for Droplet For- 
mation? Small numbers of colloid droplets were present in 3 of 4 
adrenalectomized animals kept at room temperature one day after 
operation. Adrenalectomy did not prevent an increase in the number 
of droplets after exposure to 5°C. for 2 hours (Table 6). 

Treatment of normal rats kept at room temperature with injec- 
tions of epinephrine or adrenal cortical extract did not stimulate 
formation of intracellular colloid droplets (Table 6). • 

DISCUSSION 

Under some conditions, the formation of colloid droplets in the 
thyroid epithelium of living rats was related to activation by pitui- 
tary extract or dependent on the presence of the pituitary gland. 
Thus, droplet formation in the thyroid of the hypophysectomized rat 
occurred promptly following the administration of small dosages of 
pituitary extract. Also, hypophysectomy resulted in the complete 
disappearance of colloid droplets from the thyroids of animals in 
whom they had been formed by cold-exposure or thiouracil feeding. 
Nor did droplets form in the thyroid of hypophysectomized rats after 
exposure to cold or after thiouracil administration. Further evidence 
that the formation of droplets in the thyroids of cold-exposed or 
thiouracil-fed normal rats was mediated through the pituitary is pro- 
vided by the experiments in which thyroxine, but not iodide, was 
shown to inhibit this response. This effect of thyroxine was probably 
due to an inhibition of release of thyrotrophic hormone of the pitui- 
tary gland rather than to an interference with the response of the 
end organ. Thyroxine did not interfere with the response of the hypo- 
physectomized rat to simultaneously administered pituitary extract, 
but did inhibit the formation of droplets in normal rats exposed to 
cold or fed thiouracil. This inhibition was apparent as early as two 
hours after the injection of thyroxine. 

The response of the thyroid to cold-exposure was not mediated 
through the adrenals since it occurred in adrenalectomized rats. Nor 
was the stimulation of the adrenal cortex by exposure to cold (Long, 
1947; Sayers and Sayers, 1947) responsible for the changes in the 
thyroid. In the dosages used, injections of either adrenal cortical ex- 
tract or of epinephrine, which is secreted in increased amounts during 
cold-exposure (Cannon, et al., 1927; Cramer, 1928), did not stimulate 
droplet formation. 

However, droplet formation was not a specific response for thy- 
rotrophic hormones. Droplets formed in the thyroids of hypophy- 
sectomized rats following the injection of toxic dosages of typhoid 
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of thyrotrophic hormone by thiouracil. However, incubation of serum 
from normal rats exposed to the cold with thiouracil did not result 
in a positive response in our experiment. 

Human sera, on the other hand, were frequently very toxic and 
lethal to the test animals. Positive responses were also very frequent 
and were unrelated to the thyroid status of the individual. Among 
the normal subjects, the positive responses seem related to the toxi- 
city of the sera. Among the other groups, this relationship was less 
clear-cut. Some of these sera were very toxic,, and yet induced but 
little droplet formation. 

Since droplet formation may be induced in hypophysectomized 
animals with toxic dosages of typhoid vaccine or histamine or pilo- 
carpine or with toxic human sera, though admittedly we may have 
a pituitary factor present in the case of the sera, one must regard the 
results of such assays for thyrotrophic hormone using droplet forma- 
tion with suspicion. This is particularly true when rats with intact 
pituitary glands are used (Grasso, 1946; Grasso and De Robertis, 
1946) since in addition to the possibility of a non-specific response, 
one has the added possibility of participation of the test aminals’ 
own pituitary gland. 

CONCLUSIONS 

Under some conditions, the formation of colloid droplets in "the 
thyroid epithelium of living rats was related to activation by thyror 
trophic hormone. In hypophysectomized rats, the administration of 
small dosages of pituitary extract was followed by a prompt appear- 
ance of large numbers of droplets. Larger dosages stimulated for- 
mation of proportionately larger numbers of droplets. This response 
was riot prevented by the simultaneous administration of thyroxine 
or iodide. There was a progressive decrease in the number of droplets 
which formed one hour after the injection of a fixed dosage of pituitary 
extract as the interval after hypophysectomy was increased. The drop- 
lets present in the thyroid epithelium of normal rats exposed to cold 
or fed thiouracil promptly disappeared following hypophysectomy. 
Droplet formation was inhibited in normal rats exposed to cold or 
fed thiouracil by the simultaneous administration of thyroxine, but 
was not inhibited by administration of iodide. The adrenal or its - 
secretions were not responsible for droplet formation. 

Under other conditions, droplet formation was independent of 
thyrotrophic hormone since droplets appeared in the thyroid epi- 
thelium of hypophysectomized rats one day after operation and one 
hour after the injection of toxic dosages of typhoid vaccine or hista- 
mine or pilocarpine. Droplet formation at one hour after typhoid 
injection was markedly decreased at 8 days after hypophysectomy, 
and was absent at 20 days after hypophysectomy. 

Fresh human sera were often toxic and lethal when injected into 
hypophysectomized rats. The numerous positive responses which re- 
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suited from these injections were unrelated to the thyroid status of 
the donor. 

Fresh rat sera were never toxic or lethal. Positive responses were 
.obtained with sera from thyroidectomized rats or thiouracil-fed rats, 
and were not obtained under other conditions in the presence of an 
intact thyroid gland in the donor rat. 
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COMB-TESTIS RELATIONSHIP 

H. W. MARLOW 

Department of Biochemistry , Southwestern Medical College 
DALLAS, TEXAS 

It has been known for some time that when cockerels are capon- 
ized, the comb regresses. Also when an androgenic substance is ap- 
plied topically to the comb of a capon, or when injected intramus- 
cularly, the growth of the comb is resumed. This has been made the 
basis of a quantitative measure of the androgenic activity of crystal- 
line androgens, and tissue and urine extracts. Later, it was shown by 
Buchner et al. (1934), Hoskins and Koch (1939), Marlow and Payne 
(1940) and Zowadowsky (1935) that the removal of the comb results 
in significant increase in the size of the testis of a cockerel. 

There would then appear to be a reciprocal relationship between 
the comb and testis. Whether or not this reciprocity also includes the 
pituitary has not been established. Zowadowsky (1936) upon feeding 
ground cockerel’s combs and injection of impure alcoholic extracts 
in male rats reports a smaller testis, seminal vesicles and prostate 
glands. Hoskins and Koch (1939) were not able to confirm Zowadow- 
sky’s results but on the contrary noted a slight but not a mathemat- 
ically significant increase in the size of above-mentioned organs. They 
further tried the same experiment on fowls which perhaps should be 
more receptive to dried ground cockerels’ combs in the diet than rats 
and again noted slight but not significant increase in body weight, 
testis weight to body weight ratio, and in comb growth. Feeding of 
dried comb tissue to capons failed to show an active substance.- No 
inhibitory substance could be found. 

Landauer (1942) in a series of experiments obtained testis growth 
by several methods: Removal of wattles, comb and wattles, and the 
posterior half of the comb gave increased testicular weights, but 
doubtful or negative results were obtained when the combs alone were 
removed, edges of comb or wattles clipped, or horizontal slits made 
in the comb. Zowadowsky explained his results on a reciprocal basis 
which may be expressed as below. 

Received for publication April 20, 1948. 
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pituitary^testis— >coinb 

Koch went one step further and stated that the interrelationships 
between the three organs were perhaps better expressed by: 

pituitary<^testis 

V/ 

comb 

but suggested that further work must be done to show the involve- 
ment of the pituitary. Landauer’s (1942) explanation is that there is 
no endocrine interrelationship but that the results noted were caused 
by trauma. 

In an effort to aid in clarification of this problem, the author out- 
lined an experiment removing the comb from baby chicks 3 days old 
in which trauma certainly would be little or negligible. The combs 
were removed by scissors with little or no loss of blood. It is believed 
that this treatment to young chicks would reduce traumatic shock 
to a minimum or eliminate its effect. No work has been reported on 
baby chicks in this regard as most birds were used at 21 days or over 
when cutting the combs produces quite a traumatic shock, although 
it is difficult to see how the effects could continue over a peroid of 
several months. Purified comb extract was used on dubbed birds and 
on normal cockerels, and its effect studied on the growth of the testis, 
comb, wattle and body. Young and old, male and female rats were 
also included. Observations on the vaginal smear of the older female 
rats were made and vaginal introitus of the young female rats studied. 
Weight of seminal vesicles and testis of both old and young male rats 
were obtained. 


EXPERIMENTAL 

Preparation of Experimental Animals 

The combs of single comb, white leghorn cockerels three days old were 
removed by applying a pair of scissors to the posterior portion of the comb 
and snipping the comb off to the beak close to the head. Very little bleeding, 
and in many cases none, was noted. If left alone a rosette of comb material 
grows back slowly. To minimize this a saturated solution of trichloroacetic 
acid was placed on the wound and renewed growth was minimized, but not 
prevented with the one application. 

Preparation of Purified Extract 

The combs from single comb white leghorn cockerels of broiling age which 
were removed soon after death, were ground with a meat chopper and ex- 
tracted with 95 per cent alcohol in a continuous extractor (1935). This 
extract was chilled overnight to remove neutral fats. The alcoholic extract 
was evaporated to dryness by distilling under reduced pressure. Absolute 
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(Mazola) applied daily. (Dosage equivalent to 1.15 gm. fresli comb 
was used daily.) 

3. Pen #3 containing 25 baby chicks from which the combs had 
been removed but corn oil (Mazola) administered daily. 

4. Pen #4 containing 25 chicks in which the combs had not been 
removed but corn oil (Mazola) added daily. 

The combs were removed from chicks in pens 1 and 3 at 3 days of 
age, and the alcoholic extracts applied to the comb or rosette for a 
period of 38 days twice daily. The feathers had been removed by 
scissors in the vicinity of the comb so as to minimize loss of material 


Table 1. Effect of extracts of comb tissue on rat genitalia 





Females (Response) 


Treatment 

Body 

weight 

Uterine 

Ovarian 

Uterus (mg.) 

Ovaries (mg.) 


(av.) 




weight 

weight 

Body weight 

Body weight 



(av.) 

(av.) 

(gm.) 

(gm.) 

Oil 

G2 

62 

26 

1.00 

.42 • 

Comb extract 

57 

52 

23 

.91 

.40 

Saline 

49 

47 

27 

.96 

.56 

Saline extract 

43 

32 

17 

.74 

.40 




Males (Response) 




Testis 

weight 

Seminal 

Testis (mg.) 

Sem. vescl. (mg.) 



vescl. 

weight 

Body weight 
(gm.) 

Body weight 
(gm.) 

Oil 

49 

5G3 

14 

11.50 

.29 

Comb extract 

5G 

Gil 

1G 

10.90 

.29 

Saline 

5G 

590 

13 

10. GO 

.21 

Saline extract 

49 

588 

15 

12.00 

.30 


on the feathers. The total amount of alcoholic extract or oil adminis- 
tered to the combs of the fowls in a pen for a given number of fowls 
was recorded for the entire period rather than an individual record of 

each chick. At the end of this time the chicks were fasted for 36 hours 
% 

to empty the gut, and then killed. Combs, wattles and testis were 
removed and weighed. The average result of these weights is recorded 
in Table 2. 

It is observed that on the basis of average figures that the testicu- 
lar weight of fowls receiving the extract on a normal comb and on 
the fowls with comb removed, and receiving corn oil (Mazola) only, 
were identical, while the one receiving the extract on the rosette was 
greater than either. This latter suggests an additive effect of removal 
of comb and application of the extract. It is not strictly proportional 
due first perhaps to less surface for absorption of the extract on the 
normal comb rather than on the rosette and secondly in this experi- 
ment to a difference in daily dosage (0.69 gm. equivalent of fresh tis- 
sue for Pen #1 and 1.15 gm. equivalent of fresh tissue for Pen #3). 
Calculations on this basis indicate that the effect of removing the 
conib alone on the testis to body weight ratio would be .08, while the 
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paragraph. Fifteen were treated with a known quantity of andros- 
terone acetate. Ten received corn oil (Mazola). This was applied to 
the comb with a 1 cc. Luer syringe. To minimize the spreading of the 
oil or extract to the feathers, a commercial hair remover was applied 
around the comb and on top of the head to remove downy feathers. 
After standing some ten minutes, the hair remover was washed off 
carrying with it all the fine hair or feathers on the head of the chick. 
This allowed a clean head with little danger of the oil spreading to 
any feathers. 

To prevent too wide spreading of the vehicle over the head near 
the comb a divided daily dosage was applied twice daily. A maximum 
average dosage of .01 to 0.2 ml. was applied, as any larger volume 


Table 4. Assay of androgens 


Pen 

No. 

ani- 

mals 

Body 

Comb 

Comb 

Size 

Testis 

Ratio (mg.)/Body 

No. 

weight 

weight 

L 

H 

weight 

Wt. (gm.) Dcmg. 



Int. 

End 

(av.) 

(av.) 

(av.) 


Comb Testis 



gm. 

gm. 

mg. 



mg. 


1*- 

23 

40 

64 

34 

10.8 

3.6 

18 

.52 .26 11.8 

2f 

15 

40 

62 

79 

11.8 

4.4 

15 

1.27 .26 37.0 

3J 

10 

40 

65 

29 

10.3 

3.5 

19 

.44 .29 S.5§ 


* 1 =on Extract of comb; f 2 = Androsterone-acetate; t3 = Mazola. 

§ A personal communication from one of the authors (E.K.) whose method for 
assay of androgens by the chick method (8) implies that in their hands #3 above would 
have a dcmg. of zero. 

(.05 ml.) spread too much over the head. This was continued for seven 
days and on the 8th day the chicks were sacrificed. The comb and 
testis were removed and weighed, and the comb measured. The dif- 
ferences in the weights of the wattles were too small to be significant. 
Each experimental chick received an average total dosage for the 
seven days equivalent to 11.5 gm. of fresh comb tissue. The control 
chicks received an average of 13.5 micrograms of androsterone acetate 
over the same period. It is very evident from Table 4 that the body 
weight changes were insignificant. It is clear that the comb had begun 
to increase, with only a slight trend in decreased weight of the testis 
noted. Seven days may be too short a time with this dosage for criti- 
cal evaluation. 

Calculations according to the method of Frank and others (1942) 
indicates that the comb extract contained 11.8 dcmg. (chick) as com- 
pared to 37.0 cdmg. of the androsterone acetate. This would seem 
to indicate that both the short time and the concentration of the ex- 
tract was too little to give mathematically significant figures. 

DISCUSSION 

This increase in testicular weight when the comb is removed par- 
allels closely the results of all other investigations except that of 
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THE EFFECT OF INANITION ON THE 
INACTIVATION OF ESTROGEN 
BY THE LIVER 1 

JOSEPH W. JAILER 

Departments of Medicine, of Obstetrics and Gynecology and of Anatomy, 
College of Physicians and Surgeons 

COLUMBIA UNIVERSITY, NEW YORK 

It has been established that exogenous estrogens can be inacti- 
vated by the animal organism with great facility 7- . Zondek and Sklow 
(1941) have shown that only 5 per cent of the estrogen administered 
to rats can be recovered from the animal body three hours after its 
subcutaneous injection. Heller (1940) ; Singher el al. (1944) have dem- 
onstrated by in vitro studies that the liver is the organ involved in 
this degradation mechanism. Talbot (1939), Schiller and Pincus 
(1944) and others have shown an impairment of inactivation in the 
presence of hepatic parenchymal damage in the rat and Glass, Ed- 
mondson and Soil (1940) have demonstrated the same phenomenon 
in patients with advanced hepatic cirrhosis. 

Golden and Sevringhaus (1938) implanted ovaries into a site 
drained by the portal vein and discovered that the rats showed no 
sign of estrus as determined by vaginal smear. However, if these 
ovaries were re-implanted into the axilla, estrus re-appeared. Biskind 
and Marks (1939) demonstrated a similar phenomenon with pellets 
of estrone implanted into the spleen. Biskind and Biskind (1942) 
carried out further studies to show that when rats were placed on a 
diet deficient in components of the vitamin B complex the liver lost 
its ability to inactivate the estrogen. These studies were confirmed 
and it was demonstrated that the important components of the B 
complex were thiamine and riboflavin (Segaloff and Segaloff, 1944). 
In the absence of either dietary thiamine or riboflavin the degradation 
mechanism of the liver for estrogens was impaired. 

Drill and Pfeiffer (1946) have presented data to question the role 
of vitamin B in the inactivation mechanism of estrogens in rats, and 
showed that inanition is a much more important factor. Segaloff, 
however, previously had attempted to rule out the factor of inani- 
tion. It appeared profitable to reinvestigate this problem and attempt 
to separate the influence of the two factors, namely, vitamin B de- 
ficiency and inanition. 


Received for publication June IS, 1948. 

1 Aided by a grant recommended by the Committee on Growth, National Research 
Council to the American Cancer Society, administered by Dr. E. T. Engle. 
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the thiamine deficient period. Within 5 days after the institution of 
this diet, the vaginal smear began to revert to the diestrus type. A 
typical experiment is represented in Figure 1. The data for the other 
animals are practically identical with the one illustrated. 


DISCUSSION 

From the data presented, it appears possible to separate the effects 
of vitamin B deficiency and the concomitant effects of inanition. In 



Fig. 1. A =Period of vitamin B deficiency; B = Period of restricted food intake plus 
vitamin B administration; C = Period of unrestricted food intake and sufficient vita- 
min B. The vaginal smears and body weights are of one representative animal of the 
group. The food intake and thiamine excretion are the total of three. The classification 
of vaginal smears is that employed by Kahnt and Doisy (1928): 

+ Cornified smear 
+ + ± Cornified -f- epithelial cells 
± ± Epithelial cells 

± Leucocytes + epithelial cells 
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Table 1. Average excretion of urinary 17-ketosteroids 
(mg./48 hours) for each condition indicated 



No. of 
collections 

Total 

17-KS 

S.E. 

Normal 

109 

2.31 

0.10 

Castrate 

33 

1.35 

0.10 

Cryptorchid 

17 

1.40 

0.07 

Cryptorchidectomized 

11 

1.29 

0.29 

Pituitary-injected 

12 

1.38 

0.22 

Testosterone-implanted 

13 

3.07 

0.27 


EXPERIMENTAL PROCEDURES AND RESULTS 

Casteration. Ten animals were castrated to determine the total 
17-ketosteroid excretion of rabbits in the absence of testicular secre- 
tions. The normal excretion of each animal was determined previ- 
ously so that quantitative changes with castration could be more ac- 
curately evaluated. Following castration the animals were allowed 
three weeks recuperative period. Thirty-three urines of 48 hour du- 
ration were collected and assayed. 

The mean excretion level of animals in the castrate condition was 
58% of the mean excretion level of normal animals. Table 1 summa- 
rizes these data. A comparison of the two excretion levels for individual 
animals is presented in Table 2 and indicates an average decrease of 
41% with castration. 

Animal B castrate excretion of 17-ketosteroids was determined 
under different conditions than those of other castrates. The excretion 
level of this animal was determined seven months after castration 
instead of the usual three weeks. It is to be noted (Table 2) that this 
animal had the highest 17-ketosteroid excretion of any castrate. 

Experimental cryptorchidism. Three normal rabbits were made 
cryptorchid by retracting their testes into the abdominal cavity and 


Table 2. Comparison of the average excretions of total 17-ketosteroids and 

URINE VOLUMES FOR INDIVIDUAL ANIMALS IN NORMAL AND CASTRATE CONDITIONS 


Animal 

Normal excretions 

Castrate excretion 

Per 

No. 

of 

urines 

17-KS 

mg./48 

lirs. 

Urine 

ml./48 

hrs. 

No. 

of 

urines 

17-KS 

mg./48 

hrs. 

Urine 

ml./48 

hrs. 

de- 

crease 

B 

9 

2.27+0.19 

402 

4 

1 .79 ±0.23 

378 

21.1 

H 

3 

2.56+0.27 

852 

3 

1 .64 ±0 .48 

846 

39.9 

I 

G 

2.35+0.08 

318 

3 

1.45+0.17 

338 

38.1 

J 

4 

2.50+0.05 

459 

3 

0.96+0.09 

418 

62.0 

K 

4 

2.76+0.34 

467 

3 

1.52+0.33 

536 

44.8 

L 

4 

2.01 +0.19 

270 

3 

1.37 + 0.01 

225 

31.8 

M 

3 

1 .88 ±0.38 

422 

3 

1 .32+0.50 

356 

29.7 

O 

3 

1.91+0.23 

283 

4 

0.82+0.50 

392 

56.8 

P 

— 

2.31 +0.10* 

— 

4 

1.29+0.35 

373 

44.1 

Q 

— 

2.31+0.10* 

— 

4 

1.28+0.19 

307 

44.5 


* Excretion level of colony. 
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Table 4. Effect of implanted testosterones pellets (25.0 mg.) upon the 
CONTINUOUS 17-KETOSTEROIDS EXCRETION (rng./48 HRS.) OF CASTRATED MALE 
RABBITS. The NUMBER OF URINES ASSAYED ARE IN PARENTHESES 


Animal: H K 


Normal excretion: 2.56+0.27(3) 2.76+0.34 (4) 

Castrate excretion: 1.64+0.48(3) 1.52+0.33(3) 

Pellet absorption: 6.8 mg. 7.2 mg. 

(By 16th day) 


Collection period 
Days 1-2 
3-4 
5-6 
7-8 
9-10 
11-12 
13-14 
15-16 


17-KS excreted 

2.25 
1 .71 
2.34 
3.14 
3.05 
3.18 
5.41 


17-KS excreted 

2.63 
2.75 
2.41 
3.05 
2.48 

3.64 
6.00 


Injection of pituitary material. The effect of anterior pituitary ex- 
tracts upon the 17-ketosteriod excretion of low-normal animals was 
investigated in three rabbits. The pituitary extract used was Poly- 
ansyn (Armour) which is a polyvalent extract of pituitary prepared 
after the method of J. B. Collip. Each animal (R, S and T) received 
subcutaneously 6 ce. of Polyansyn in divided doses over a six day 
period. Urine collections were made for 14 days following the first 
injection. Table 5 lists the excretion of 17-ketosteriods prior treat- 
ment compared with excretion during treatment. With the possible 
exception of animal S there was no significant change in 17-ketoste- 
roid excretion. 

While the normal values of these animals were exceptionally low 
there were no discernible pathologies which would invalidate the as- 
say values obtained from them. 

DISCUSSION 

Urine volumes did not vary significantly for any experimental 
condition. An occasional individual rabbit consistently excreted un- 
usual volumes of urine. For example, animal N had an average ex- 
cretion of 1,080 ml./48 hours, whereas the group average was 357 
ml./48 hours. Of all animal groups the normal animals yielded the 

Table 5. Result of injecting low-normal animals with pituitary extracts 
upon the total 17-ketosteroids excretion (mg./48 hrs.). The 

NUMBER OF URINES ASSAYED ARE IN PARENTHESES 


Animal: R S T 

Excretion prior 

treatment: 1.78+0.05(4) 1.28±0.15(4) 1.93+0.12(3) 

Excretion during 

treatment: 1.60 ±0.24 (4) 1.60+0.22(4) 1.97+0.27(4) 
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proper at this time to extend the appreciation and thanks of the 
Society to Dr. Willard Thompson and the other members of the local 
committee for the work they have done to make this meeting such a 
pleasant occasion for us all. 

The question as to what I should devote the main body of my 
address this evening has given me no little concern. Judging from 
past years there were many possibilities ranging all the way from an 
interesting travelogue by one past president to rather detailed scien- 
tific papers by others. Since my peregrinations are of little interest 
and since we have a very full program of papers this year, it seemed 
more appropriate that I should spend a little time to discuss with you 
the past, present and, so far as one man can see, the future develop- 
ments of endocrinology. 

It is now thirty-one years since the first volume of Endocrinology 
was published and it is a salutary experience to re-read the papers 
presented in it, particularly if this is followed by a perusal of the' 
volumes which were published in 1947. In volume I there appeared 
eighteen original articles, in the two volumes for 1947 a total of 126 
original papers, to say nothing of those appearing in the Journal of 
Clinical Endocrinology. Yet these figures give a most inadequate pic- 
ture of the changing character of this science. Among the sixteen 
papers in the first volume we note one by Brailsford Robertson on 
"Tethelin,” the growth controlling constituent of the anterior pitui- 
tary, a principle stated to be active by mouth and stable at 80° C., 
a paper that drew cautious and guarded comment from Dr. Goetscli, 
for in those days the discussion of papers given at the Association 
meeting was printed in the journal. We also find in this first number 
the classical paper by Kendall on the isolation of thyroxine and its ef- 
fects on human cretinism and mj'xoedema. But aside from these 
articles which have a flavor of modern experimental endocrinology, 
the remainder are essentially of a descriptive character. Bj' this I 
mean the}' report the over-all effects of certain types of endocrine 
hypo- or hyperfunction in man and in reality represent the emergence 
of endocrinology from the world of giants, dwarfs, bearded ladies and 
the other oddities produced by extreme degrees of endocrine dys- 
function with which it had for so long been identified. 

I choose the term "emergence of endocrinology” with deliberation 
since it is my belief that we have now reached the stage when the 
functions of the endocrine glands are well enough understood to ap- 
preciate that they constitute a bodily system of which it is more im- 
portant to know the basic knowledge of their mode of action and the 
minor aberrations of such function than it is to consider them only 
when they present themselves in such usually rare forms as Addison’s 
disease, Cushing’s syndrome, etc. 

The emergence of endocrinology from the age of curiosities to a 
full fledged basic and clinical science has depended on three main 
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major factor. There is also some evidence in the case of the adreno- 
trophic hormone that the release of epinephrine by activation of the 
autonomic nervous system is a preliminary event. Yet we do not 
know the role, if any, of nerve elements that may reach these cells 
nor do we know how the selective discharge of pituitary hormones 
is affected. It appears unlikely at first sight that the release of F.S.H. 
and L. H. or of growth hormone and adrenotrophic hormone would 
occur simultaneously. Rather it would appear that the time sequence 
of discharge is adjusted in some manner to the circumstances pre- 
vailing in the body. Furthermore, we do not know whether in the 
period of rapid growth if the presumed excess of growth hormone in 
the blood is due to an increased secretion by the gland or a lowering 
of the rate of release of adrenotrophic hormone while maintaining a 
constant output of growth hormone. There are dozens of such ques- 
tions relating to the function of the thyroid, gonads and adrenal cor- 
tex that require information about the regulation of anterior lobe 
secretion for their solution. 

I have spoken several times of the importance of the blood levels 
of certain hormones as a determinant of endocrine activity. We are 
greatly handicapped in clinical endocrinology by our inability to find 
methods that will enable us to analyze or assay for such blood con- 
centrations. Dependence on urine levels for the assessment of the 
secretory activity of an organ places us in the same position as were 
the clinicians of thirty years ago who had only urinary glucose 
measurements to guide their diagnosis and treatment of diabetes 
mellitus. We can anticipate an equally great increase in our ability 
to diagnose and treat endocrine disorders were we in a position to 
follow the blood levels of the various hormones. 

Mention of diabetes mellitus calls to mind that perhaps with the 
exception of gonadal disturbances in the female that this is the most 
prevalent endocrine disorder encountered in man. Possibly two mil- 
lion people in this country suffer from an absolute or relative insuffi- 
ciency of insulin secretion. While the isolation of insulin has enabled 
us to control the disease once it has presented itself, we are still 
largely in the dark as to the reasons for its onset. In no endocrine 
disorder is the collaboration of the student of intermediary metabo- 
lism and the endocrinologist more essential for the solution of the 
etiology of this disease. Much the same can be said for human hyper- 
thyroidism. The advances in our understanding of thyroid physiology 
have been of a spectacular character and have led to the development 
of agents that can control hyperthyroidism by blocking out enzyme 
reactions essential for the formation of the hormone, yet here again 
little is known of the chain of events that lead to the clinical picture 
that ultimately presents itself for our relief. 

A whole evening could be devoted to the shortcomings in our 
knowledge of gonadal dysfunction, particularly in the female. Re- 
placement therapy at times brings spectacular results; in many others 
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whose problems lie in clinical endocrinology as it presents itself in 
their daily practice. Many have expressed to me their sense of frustra- 
tion that the vast volume of experimental work appears at first sight 
to bear so little relation to human disease. I can only reply that these 
basic studies are essential, contradictory as they may often appear, 
yet the physicians should not forget that the contributions of the 
clinician have been and may be just as important as those from the 
laboratory. The names of Addison, Graves, Pierre Marie should re- 
mind us that careful observation and controlled studies in man are 
just as pertinent today as they were in their time. I regard it a privi- 
lege to have been the President of a society in which there is such a 
happy mingling of the laboratory worker and the clinician and I hope 
that the Association both in its membership and in its program will 
continue to reflect our joint interest in the problems of the function of 
the endocrine organs in health and disease. 
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(3) The dry acetone powder was prepared according to the technique of 
Kaplan and Lipmann. The livers were rapidly removed and placed in an 
ice-packed dish. While cold, they were finely minced with scissors. The mince 
was transferred to the glass container of a Waring Blendor with 20 volumes 
of acetone, kept cold by packing with ice, and homogenized for two minutes 
in a cold room (5° C.). The homogenized material was allowed to settle for a 
few minutes, and filtered through a Buchner funnel of such size that the solid 
would make a layer about 1 cm. deep. It was not allowed to dry while filter- 
ing, and was washed twice with cold acetone and twice with peroxide-free 
dry ether. The washings were done at room temperature. The material was 
sucked dry and thoroughly dried in a vacuum desiccator over P 2 0 6 for about 
an hour. The dry powder was passed through a 20 mesh sieve to remove con- 
nective tissue and stored in a stoppered bottle placed in a deep freeze cham- 
ber. When used, it was suspended in a convenient medium. 

Three types of medium were used: (1) Krebs (1933) solution, (2) Fuhr- 
man and Crismon (1944) “intracellular medium,” and (3) 0.1 M sodium 
phosphate buffer, all at pH 7.4, buffered with phosphate. 

The preparations, 100 mg. of slices, 10 per cent powder or homogenate or 
the equivalent amount of acetone powder, were incubated for two hours with 
constant shaking at 37.5° C. in 50 cc. Erlenmeyer vessels containing a total 
volume of 5 cc. with 1 or 2 gg. of a-estradiol per cc. A control, in which the 
a-estradiol was added at the end of the incubation period, was run in the 
same manner. An adequate amount of a solution of a-estradiol in 50 per cent 
ethyl alcohol containing 100 ng. per cc. was added to each vessel to attain the 
required concentration. After incubation, approximately 25 cc. of acetone 
were added to each vessel, the content of two vessels was pooled, and the 
biological activity determined, in castrated mice, by a modification of the 
Allen-Doisy technique (1923). 

The error of assay was ±25 per cent when using 10 mice per dose and 
± 16 per cent for 20 mice per dose. For this reason only differences greater 
than 25 per cent were considered significant. The biological activity re- 
covered after incubation was expressed in terms of the equivalent amount of 
a-estradiol. 

In varying the conditions of incubation we have found that the several 
preparations used showed the same activity whether the gas phase was oxy- 
gen or air. For this reason, after the initial experiments, the aerobic incuba- 
tions were carried out in air. 

The boiled liver extracts used in some of the experiments were prepared 
by boiling liver mince, homogenate or liver slices in Krebs solution for 5 
minutes, centrifuging and using the supernatant. In experiments with boiled 
mince and homogenate the amount of boiled extract equivalent to 0.5 gm. 
of liver was used in each vessel; with boiled slices extract the amount cor- 
responded to 0.15 gm. of liver. 

In the starvation experiments the rats were starved for 4 days. 

The thiouracil treated rats received thiouracil in the drinking water 
(containing 0.5 mg. thiouracil per cc.) over a period of 60 days. 

RESULTS AND COMMENT 

Activitij of Different Liver Preparations. The behavior of the liver 
preparations is shown in Table 1. Certain conclusions seem justified on 
the basis of these findings. 
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liver. The addition of 0.001 to 0.005 M citrate to our tj^pe of homogen- 
ate did not increase the inactivation of a-estradiol (Table 4). 


Table 4. Influence of other factors in cc-estradiol 

INACTIVATION BY MALE RAT LIVER 
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* Expressed ns a-estradiol, determined by bioassay. 
Note: Figures in the parentheses indicate the average. 


With the idea that phenol might inhibit the inactivation, acting as 
a competitive substrate with the phenolic part of the a-estradiol 
molecule, we added 200 ng. of phenol per vessel (a concentration 10 
times higher than that of the a-estradiol used). No effect on the in- 
activation was observed. 

The livers of thiouracil-treated rats inactivated a-estradiol to the 
same extent as those of the normal rats. 

A slight decrease in activity was noticed in livers of rats starved 
for 4 days; further experiments will be necessary to confirm this ob- 
servation. 

CONCLUSIONS 

As shown by previous workers, liver slices (Heller, 1940) and 
"brei” (Zondek, 1934) inactivate estrogens. The process is enzymatic, 
inasmuch as boiled liver slices show no such activity. The transforma- 
tion seems to be oxidative in nature as it does not occur in a nitrogen 
gas phase. That a dehydrogenating mechanism is at least partially 
involved in the process of inactivation is indicated by the observation 
that addition of methylene blue reestablishes in part the activity of 
slices incubated anaerobically. We believe that methylene blue acts as 
a hydrogen acceptor and that, under these conditions, estradiol may 
possibly be converted to estrone. 

The dehydrogenation is in part linked to DPN. This is indicated 
by the increase in activity of the homogenate after addition of DPN 
and by the augmenting effect of nicotinamide. The latter probably 
produces this effect by decreasing the breakdown of DPN, as it has 
been shown by Mann and Quastel (1941) and Handler and Klein 
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Rosaceae. The rose family also possessed active members. Raw 
pears and filtered pear juice showed moderate antithyroid activity, 
but no effect was obtained from canned pears. The latter, however, 
were ingested in a much smaller quantity. An alcoholic extract of pears, 
equivalent to 4400 gm. showed only a questionable degree of inhibi- 
tion. Other evidence also indicated that alcoholic extraction was not 
an efficient method of obtaining the active principle. 

The first test made on strawberries was quite striking. There was 
a complete inhibition of the iodine uptake which was maintained 



Fig. 6. 745 gm. of strawberries exerted a grade 4 inhibition in one subject while 
1000 gm. of another batch had only a grade 2 effect. 


until the final reading on the first day. However, the three subsequent 
tests of this product were not in agreement with the first. Two of 
these showed only a slight effect, while the third was negative. In 
each instance approximately the same quantity of strawberries was 
ingested. These differences in results may have been due either to a 
difference in the potency of the lots of fruit, or to a remarkable sus- 
ceptibility of the completely inhibited subject. However, the previous 
test meal this subject had eaten (onions) had had a complete lack of 
effect on the accumulation gradient. 

Raspberries, loganberries, and blackberries were inactive in the 
quantities tested, as were almond and apple. Peaches showed a defi- 
nite effect, while apricots were only slightly inhibitory. 

Rutaceae. Orange juice and grape. ruit were moderately inhibi- 
tory but were taken in very large amounts. Tangerines had no 
activity. 

Umbelliferae. Carrots proved quite active when eaten in adequate 
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Ineffective storage and distribution of the administered vitamin in the 
experimental groups remained a possibility. The liver and blood levels of 
vitamin A were determined in an attempt to ascertain whether the above 
possibility could be ruled out. It will be noted (table 1) that the high values 
obtained fall within the expected range and are directly related to the amount 
of vitamin fed. 

DISCUSSION 

The reduction in thyroid iodine and thyroid weight, following oral ad- 
ministration of large amounts of vitamin A, supports the concept that the 
vitamin may exert an inhibitory action on thyrotrophic hormone secretion 
(Elmer, et al, ’35; Fellinger and Hochstadt, ’36; Schulze and Iiundhausen, 
’39; Truscott and Sadhu, ’48a). Certain investigators (Belasco and Murlin, 
’40; Sadhu and Brody, ’47) have suggested that the iodine in the thyroxine 
molecule is picked up by the double bond of the vitamin; the vitamin A- 
iodide thus formed may depress the secretion of thyrotrophic hormone and 
result in a decrease in thyroid size. Sadhu (’48), however, observed that this 
action was more marked when vitamin A was fed alone than when it was 
administered in conjunction with iodine in the diet. He concluded, therefore, 
that the vitamin does not reduce thyrotrophic hormone secretion by the 
formation of a vitamin A-iodide or -thyroxine like compounds. 

A possible explanation of the above results is suggested by the data 
presented in this paper. Following oral administration of large doses of 
vitamin A, there appears to be a lessened destruction of thyroxine by the 
liver; it has been demonstrated (Truscott and Sadhu, ’48b) that this is not 
due to a displacement of thyroxine iodine from hepatic tissue by the accumu- 
lation of excessive amounts of the vitamin in the reticuloendothelial cells. 
The consequent hyperthyroxinemia affects the pituitary depressing the 
secretion of thyrotrophic hormone; this is indicated by the high values of 
serum and pituitary protein-bound iodine obtained in these animals. With 
depression of thyrotrophic hormone secretion, there is the observed decrease 
in protein-bound iodine and in weight of the thyroid gland. 

SUMMARY 

The distribution of body iodine was studied in albino rats receiving large 
oral doses of vitamin A. 

Hypervitaminosis A was accompanied by a decrease in protein-bound 
iodine in liver and thyroid, and by an increase in protein-bound iodine in 
serum, pituitary and skeletal muscle. 

It is suggested that these results are due to a decreased hepatic destruc- 
tion of thyroxine, with a consequent hyperthyroxinemia; the latter depresses 
thyrotrophic hormone secretion, producing the observed decrease in both 
thyroid weight and in protein-bound iodine in the thyroid. 

Dulal P. Sadhu and B. Lionel Truscott 

Department of Anatomy 
Yale School of Medicine 
New Haven, Connecticut 
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RENAL FUNCTION IN THE ADRENALECTOMIZED RAT 1 

Despite the voluminous literature concerning the effects of adrenalec- 
tomy in a' wide variety of species, surprising^ few attempts have been made 
to assess the immediate effects on renal function. Talbott et al (1942) studied 
renal function in patients with Addison’s disease and in patients with adrenal 
insufficiency seconday to pituitary pan hypofunction. They reported that 
while the ordinary clinical tests showed no aberration, more precise quanti- 
tative procedures, using inulin and diodrast, showed impairment of all 
measured functions. This impairment included the glomerular filtration rate, 
renal plasma flow and tubular excretory as well as reabsorptive mass. More 
recently, Sanderson (1948) has studied renal function in four cases of un- 
treated Addison’s disease not in crisis, and noted a similar depression of all 
functions. 

White, Heinbecker and Rolf (1947) studied the inulin and diodrast clear- 
ance in two adrenalectomized dogs. They observed that mild adrenal in- 
sufficiency, in which the blood volume, NPN, and sodium and potassium 
levels were all normal, was accompanied by a great decrease in Cd and 
Tiud with a lesser fall in Cm. These changes were more completely restored 
by the implantation of desoxycorticosterone acetate pellets than by adrenal 
cortical extract. The effect of saline maintenance alone was not studied. 

In view of the azotemia which may be observed in patients with Addi- 
son's disease, it seems important to ascertain more definitely just how far the 
kidney may play a contributory role. Experiments on rats were undertaken 
to determine the immediate effects of adrenalectomy with saline mainte- 
nance on renal function in this animal. 

EXPERIMENTAL 

Three separate experiments were carried out to assess renal function 
1, 4, and 6 days after bilateral adrenalectomy. For each experiment, mature 
hooded male rats, weighing approximately 300 grams were selected. For the 
first two experiments, the animals were slowly adapted to tube feeding and 
were maintained at constant intake for at least one week prior to operation. 


Received for publication June 14, 1948. 

1 This work was supported by a grant from the Life Insurance Medical Research 
Fund. 



124 


NOTES AND COMMENTS 


Volume 43 


The animals of the third experiment received Purina Fox Chow ad lib. Ad- 
renalectomy was performed through bilateral lumbar incisions and following 
this, both control and adrenalectomized animals were maintained with 1% 
saline as drinking water while tube feeding was continued. For the first 
experiment, the control animals were subjected to a sham adrenalectomy. 
As this procedure was without apparent effect on renal function as deter- 
mined one day later, it was not used in subsequent control groups. Renal 
function was determined using inulin and sodium p-aminohippurate by the 
method previously described for the comparative investigation of groups of 
rats (Friedman, Polley and Friedman, 1947). Control and test animals worn 
studied at the same time. 


Table 1 



Expt. X 

Expt. 2 

Expt. 3 

Time post adrenalectomy 

1 day 

4 days 

0 days 


Sham 

operated 

Adrcnnl- 

cctomizcd 



Untreated 

control 

Adrenal- 

cctoinizcd 

Cin cc./IOO cm.’/min. 

0.24 

±0.03 

0.30 

±0.03 

' 0.23 
±0.03 

0.23 

±0.05 

0.27 

±0.04 

m 

Cpah cc./IOO cm. 5 /rnin. 

2.14 

±0.31 

1.40 

±0.34 

2.13 

±0.33 

1.50 

±0.22 

2 . 12 
±5131 

1.02 

±0.27 

TmpAn mgm./lOO cm.Vmin. 

0.107 

±0.000 

0.007 

±0.012 

0.108 

±0.010 

0.08S 

±0.021 



FF ns % 

11.3 

±2.5 

21.8 

±0.1 

11.2 

±1.0 

15.4 

±0.0 

12.0 

±1.4 

11.7 

±2.2 

Cpah /T mpAn 

10.8 

±2.1 

22.2 

±0^8 

•19.7 

±2.7 

18.2 

±1.5 

18.7 

±2.7 

17.4 

±1.0 

No. of animals 

4 

4 

7 

7 

7 . 

7 

Average body weight 

307 

318 

330 

318 


284 


Table 1 presents the findings. It is apparent that kidney function as 
determined in the three control groups, made up of different animals studied 
at entirely different periods, did not vary, and hence represents a good stan- 
dard of comparison for the test animals. The spread of data is here rather 
less than usually observed with this method, probably due to the standar- 
dized feeding as well as to the large size of the animals. It is also noteworthy 
that the normal values shown here, especially that of Ci N) arc lower than 
those observed in albino rats of the Wistar strain which we have previously 
reported. The data indicate that this is in part referable to a strain difference, 
and in part to the larger size of the animals used here. 

One day after adrenalectomy a marked fall in renal plasma flow, CrAii, 
was observed, together with a parallel decrease in the functioning tubular 
excretory mass, TmpAH. This was not accompanied by any decrease in the 
glomerular filtration rate, Ci N , which, in fact, was slightly elevated above the 
control value. 

Four days after adrenalectomy renal function was still depressed, al- 
though to a lesser extent. Again, Cpah and Tuipah were the functions most 
affected, while Cin remained unchanged. 

Six days after adrenalectomy renal function was essentially normal. 

Repeat experiments were performed on groups of Wistar albino rats. The 
same initial depression followed adrenalectomy, and when the animals were 
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maintained with 1% saline as drinking water renal function was restored to 
normal at 6 days. 


DISCUSSION 

It is evident that immediately after adrenalectomy renal function is 
seriously impaired in the rat. The pattern of derangement is essentially that 
observed in the dog by White, Heinbecker and Rolf (1947) except that in 
their experiments Cm was reduced, although to a lesser degree than the 
other functions studied. This need not represent an absolute difference 
between the species since the modifications in procedure necessary for esti- 
mating renal function in the rat impose limitations on the validity of such 
an inter-species comparison. 

If the animal survives adrenalectomy and is maintained on saline only, 
renal function becomes essentially normal six daj r s after operation. The 
fourth day after adrenalectomy appears to represent an intermediate period, 
since, as indicated by the spread of the data, some animals are approaching 
normality more rapidly than others. 

The results obtained in the control animals indicate the necessity of men- 
tioning the strain of rat employed in reporting clearance values in this 
species. 

SUMMARY 

One day after adrenalectomy in the rat (hooded and Wistar albino) there 
is a marked fall in Cpah and Thipah, while Cm remains unaffected, as 
revealed by clearance studies using inulin and sodium p-aminohippurate. 

Renal function in the adrenalectomized rat maintained with saline be- 
comes essentially normal six days after operation, an intermediate phase in 
the restorative process occurring at four days. 

Sydney M. Friedman, Kenneth R. Mackenzie 2 and Constance L. 

Friedman 

Department of Anatomy, McGill University 

and The McGill University Clinic, Royal Victoria Hospital 

Montreal, Canada 
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FAILURE OF MASSIVE DOSES OF ESTROGEN 
TO PROMOTE GROWTH OF 
ENDOMETRIAL COILED 
ARTERIOLES 

IRWIN H. KAISER 1 

From the Department of Embryology, Carnegie Institution of Washington 
BALTIMORE 5, MARYLAND 

The administration of massive doses of estrogens to monkeys has 
been demonstrated to produce squamous metaplasia of the endo- 
cervical mucosa and cystic hyperplasia of the endometrium. The 
present report is made to direct attention to the fact that estrogenic 
stimulation of this magnitude can induce excellent proliferative 
activity of endometrial glands and stroma without proliferation of 
endometrial coiled arterioles. In addition, further observations in 
reference to cervical epidermidization and endometrial hyperplasia 
have been made. 


OBSERVATIONS 

Six rhesus monkeys (Macaca mulatta) were given 25,000 I.U. of 
Amniotin 2 a day from February 11 through March 8 with the excep- 
tion of No. 182 which was treated through March 4 only. They were 
all mature female castrates, resident in the colony of the Department 
of Embryology for several years. They had been employed during the 
previous six months in a series of estrogen and estrogen-progesterone 
withdrawal studies, in the course of which they demonstrated the 
expected patterns of menstruation-like bleeding. 

Animal No. 1S2 was found moribund on March 5, and it was 
therefore killed. At autopsy no gross abnormalities were found. The 
reproductive organs were removed en bloc and fixed in formalin. 
Histologic sections were studied with the following findings. 

Bladder and urethra : considerable cornification of the mucosa at 
the urethral orifice. 

Received for publication June 2, 194S. 

1 Present address: Sinai Hospital, Baltimore 5, Md. 

'■ The Amniotin in oil (50,000 I.U. percc.) was generously supplied by E. R. Squibb 
and Sons. 
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Vagina : deeply cornified. 

Cervix: there is epidermidization of the apices of several endo- 
cervical glands and a patch of squamous metaplasia in the midpor- 
tion of the cervical canal. These areas contrast sharply with the nor- 
mal columnar "picket” epithelium, as can be seen in Fig. 1. 

Uterus : there is a good response of the stroma and glands, corre- 
sponding to rhesus endometrium of about the 12th day of a 28-day 
cycle, without any evidence of hyperplastic activity. Only one coiled 
arteriole is found in a large number of serial sections of the entire 
fundus and this manifests little proliferative activity. The other two 
arterioles found are of the basal arteriole type. These features may be 
seen in Fig. 2. 

The remaining five animals withstood the series of injections 
without disturbance of health. Each also developed a bright red sex 
skin without any remarkable excess in the amount of vaginal desqua- 
mation. The pattern of withdrawal bleeding is indicated in Table I. 


Table 1. Uterine bleeding in five castrate rhesus monkeys given 
25,000 I.U. OF AMNIOTIN IN OIL DAILY FOR 26 DAYS 
(Feb. 11-Mar. 8) 


Dates 

Time from withdrawal 
to bleeding 

Duration 

No. 611 Mar. 15-20 

7 days 

6 days 

No. 723 Mar. 16-22 

S 

7 

No. 726 Mar. 15-19 

7 

5 

No. 749 Mar. 17-19 

9 

3 

No. 754 Mar. 14-20 

6 

7 


Two intact rhesus monkeys were given 50,000 I.U. of Amniotin 
a day from May 12 to June 10, except on the four intervening Sun- 
days, a total of 26 days. 

Animal No. 144 had had cyclic bleeding throughout the preceding 
winter and spring. It did not manifest withdrawal bleeding in the 
twenty days following termination of the series of injections. 

Anijnal No. 166, in the 1946-47 season, had bled starting Nov- 
ember 21, December 18, January 11, January 31 and May 1. On May 
9 it was noted to have an upper abdominal mass. On June 11 the 
animal was killed and autopsy revealed no gross abnormalities except 
for the mass, which was the liver. This organ, which weighed 950 
gms., was the site of an atypical type of amyloid infiltration. The 
microscopic findings in the lower urinary and the reproductive organs 
were as follows : 

Bladder, urethra and vagina: identical with the findings in No. 
182. 

Cervix : there is a most extensive epidermidization of the endo- 
cervical mucosa, in some cases involving entire glands, with sheets 
of squamous epithelium in the endocervical canal, undermining and 
replacing the "picket” epithelium. This may be seen in Fig. 3. 
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. i ,, a follicular response similar to that of No. 1S2. 

StuH n— sections of the' entire fundus fails to reveal any 

coiled, arterioles. 

DISCUSSION 

Since the 



. • „ f -jvt 0 182. Hematoxylin and eosin 

Fig. 1. Endocervical canal from the mi reD i ac ’ e d at the right by a sheet of 

preparation X150. Normal “picket epUhehum , ^ lands are replaced by squamous 
squamous cells. In the lower center the apiees of tn o glanas 

and differentiation of these vessels is ‘Saads'^ndsteoma. 

growth and differentiation, of the en _o indicate that this 

The studies of Markee (1940) and Kaiser There 

is indeed the case in the normally mens iua ance 0 f en dome- 

has, however, been no detailed study o abnormalities or in 

trial coiled arterioles m animals with • pbelps (1947), 

castrated animals subjected to hormona s 1 transplants in cas- 
making observations on intraocular en ® pattern of arteriolar 
trated animals, has recently reported th ? ficantly affected by 

growth response to hormone stimulation . g 
the previous hormonal experience of the anima . 
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Fig. 2. The mucosa of the entire fundus uteri of No. 182 is enlarged 15 X. The only 
arterioles found are inked in for emphasis and indicated by arrows. One of these, at 
the lower left, is a poorly developed endometrial coiled arteriole. The other two are 
basal arterioles. 
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In the present experiments with massive estrogen administration, 
an excellent proliferative response of endometrial glands and stroma 
has been observed, while the absence of coiled arterioles contrasts 
strikingly with their abundance in normally menstruating animals 
with similar glands and stroma. In such animals, several arteriolar 
fields, each representing the coils of a single arteriole, are to be found 
in any section of the entire fundus uteri or an equivalent area of the 
endometrium. Furthermore, in this stage of proliferative activity the 
arteriolar fields are large and complex and the vessels show evidence 
of rapid growth (Kaiser 1947a). In a large number of serial sections 
of the entire fundus uteri of the two animals studied here, only one 
poorly developed coiled arteriole was found. It is not possible to state 
with certainty whether this represents a failure to respond to the 
hormonal stimulus or a toxic effect of the massive doses employed, 
since there is no way of knowing the arteriolar patterns of these ani- 
mals prior to the experiment. The absence of any other evidence of 
toxicity makes it appear more likely that this represents a failure of 
the vessels to respond during an excellent response of glands and 
stroma. 

Hormone withdrawal bleeding occurred in the five castrates after 
an interval of six to nine days, averaging seven days. Rhesus monkeys 
given estrogens in much smaller amounts usually bleed after an inter- 
val of five days. This lag of 2 days may be due to depots of oil left in 
the animals’ legs by a regime of \ cc. of oil administered intramuscu- 
larly each day for 26 days. The occurrence of bleeding in animals given 
hormone stimulation identical with that of the animal found to have 
virtually no endometrial coiled arterioles is suggestive evidence that 
these vessels are not essential for uterine bleeding. Menstruation in 
the absence of coile arterioles has been observed in intact New World 
monkeys (Kaiser 1947b). The significance of its apparent occurrence 
in castrate rhesus monkeys has been discussed elsewhere. 3 

Squamous metaplasia of the endocervical epithelium is a common 
finding in castrated rhesus monkeys treated with estrogens, especially 
those which have received large doses. In the normal animal there 
may be an upward extension of the squamous epithelium of the por- 
tion vaginalis which simulates squamous metaplasia, but this does not 
involve the apices of the endocervical glands (Hisaw and Lendrum 
1936, Zuckerman 1938). The production of epidermidization has 
been reported following such low doses of estrogens as 41.5 R.U. a 
day for 26 days (Hisaw and Lendrum 1936) and even 60 I.U. a day for 
21 to 61 days (Migliavacca 1937). It has however been more com- 
monly found after large or massive doses (Overholser and Allen 
1933, 1935, Engle and Smith 1935, Zuckerman 1937a, Hartman, 
Gescliickter and Speert 1941, and Vargas 1943). There appears to be 
some relationship between size of dose and duration of administration 


3 Kaiser, I. H.: Newer Concepts of Menstruation. Am. J. Obs. Gyn. In press. 
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for the production of this process, but the series reported are too 
scattered in regard to dose and duration to allow definite conclusions. 
It may be reiterated that Overholser and Allen’s early suggestion that 
these changes are preeancerous has not been confirmed. 

Cystic dilatation of the glands of the endometrium has been ob- 
served in rhesus monkeys only after prolonged administration of 
large doses of estrogens (Zuckerman 1937b, Hartman, Geschickter 
and Speert 1941, Cleveland, Phelps and Burch 1941 and Vargas 1943). 
It did not occur in the present experiments despite the use of massive 
doses, perhaps because of the relatively brief period of administra- 
tion. Zuckerman and Morse (1935) reported cystic endometrial 
hyperplasia in a chimpanzee and a mangabey after similarly brief 
periods, but in the rhesus monkey months of treatment are evidently 
required for its production. 


SUMMARY 

Administration of massive doses of estrogens to castrate rhesus 
monkeys results in withdrawal bleeding of 3 to 7 days’ duration 
after an interval of 6 to 9 days. Microscopic study of the uteri of one 
castrate and one intact animal, each killed after four weeks of injec- 
tions, revealed squamous metaplasia of the endocervix but no cystic 
hyperplasia of the endometrium. There was an excellent proliferative 
development of endometrial glands and stroma but virtual absence 
of endometrial coiled arterioles. This dissociation of the growth of 
these vessels from the growth of the glands and stroma suggests that 
uterine bleeding can occur in the absence of coiled arterioles in the 
rhesus monkey as it does in the New World monkeys. 
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THE EFFECT OF ALTERED SODIUM OR POTAS- 
SIUM INTAKE ON THE WIDTH AND CYTO- 
CHEMISTRY OF THE ZONA GLO- 
MERULOSA OF THE RAT’S 
ADRENAL CORTEX 1 

HELEN WENDLER DEANE, JAMES H. SHAW 
and ROY 0. GREEP 

From the Department of Anatomy, Harvard, Medical School, and 
the Harvard School of Dental Medicine 
BOSTON, MASSACHUSETTS 

The cortex of the rat's adrenal gland is divided morphologically 
into three major zones. The appearance of the cells and the width of 
the outer two zones, the glomerulosa and fasciculata, can be altered 
in different physiological states. Thus, the zona fasciculata enlarges 
and its cells appear active in conditions eliciting an increased produc- 
tion of adrenotropin, which stimulates the release of the cortical 
“sugar” factors. On the other hand, this zone shrinks and becomes 
inactive after hypophysectomy. Either change may occur without 
apparent alteration in the activity of the glomerulosa (Deane and 
McKibbin, 1946; Deane and Greep, 1946). The present paper will 
describe experiments indicating that the outer zone, the glomerulosa, 
undergoes morphological and cytochemical changes in physiological 
states that involve disturbance of the electrolyte balance of the body. 
These changes may occur without any demonstrable alteration of 
the fasciculata. Moreover, they develop in hypophysectomized as 
well as in intact rats. 

The results of two different physiological experiments have led 
to the hypothesis that, in the rat at least, the zona glomerulosa pro- 
duces salt-regulating hormones of the 11-desoxycorticosterone type. 
In the first place, the prolonged administration of desoxyeorticoster- 
one acetate causes shrinkage and inactivity of the glomerulosa (Sara- 
son, 1943; Greep and Deane, 1947). Tins observation suggests that 
disuse atrophy overtakes the zone when its normal product is replaced 
by the injected hormone. Secondly, adrenalectomized rats lose sodium 
chloride rapidly through the kidneys, whereas hypophysectomized 
rats are more nearly normal in this respect. Thus it would seem that 
the salt-regulating activity of the adrenal is relatively unchanged by 

Received for publication June 7, 1948. 
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hypophysectomy. Since the glomerulosa remains intact and appar- 
ently active following the operation (Sarason, 1943; Deane and Greep, 
1946), it is reasonable to assume that this zone produces salt-retaining 
hormones of the desoxycorticosterone type and that it is regulated, 
at least in part, by an extra-pituitary agent. 

If the zona glomerulosa in the rat produces desoxycorticosteroids 
in response to an extra-pituitary stimulus, changes in its activity 
should accompany situations in which the demand for desoxycortico- 
steroids was altered, either in intact or hypophysectomized animals. 
Altered demand for these hormones would be expected to follow 
changes in the normally high sodium : potassium ratio in the blood 
stream, since their major function is the maintenance of the normal 
relation by regulating sodium retention and potassium excretion 
(Swingle and Remington, 1944). Three deductions have been drawn 
from this hypothesis. 

(1) Increased demand for desoxycorticosteroids should follow a 
decrease in the sodium : potassium ratio. Two ready means of lowering 
this ratio exist : (a) When the animal is fed a diet virtually lacking in 
sodium, blood sodium falls, while blood potassium increases slightly 
(Turpeinen, 1938) ; (b) when the animal is injected with large amounts 
of potassium chloride, blood potassium rises acutely and blood sodium 
drops somewhat (Miller and Darrow, 1940). 

(2) If the sodium: potassium ratio of the blood were elevated, the 
demand for this type of hormone should be lowered, (a) One method 
for lowering the level of blood potassium, while leaving blood sodium 
unaffected, is to feed the animal a diet containing less than 0.01 per 
cent potassium (Heppel, 1939; Darrow and Miller, 1942). (b) This 
electrolyte shift may also be accomplished by the administration of 
desoxycorticosterone acetate, which reduces the potassium level in 
the blood acutely and raises the sodium level slightly (Darrow and 
Miller, 1942). 

(3) In addition, it might be predicted that the administration of 
adequate quantities of desoxycorticosterone would protect the animal 
from a fall in the sodium: potassium ratio produced either by a low 
sodium diet or by potassium injection, since this hormone promotes 
sodium retention and potassium excretion by the kidney. If such 
protection occurred, little or no stimulation to the glomerulosa should 
follpw. 

Experiments to test these deductions have been performed on 
intact and hypophysectomized rats, and the observed changes in the 
zona glomerulosa of the adrenal cortex are set forth below. A review 
of the literature has revealed only a few observations on the adrenal 
cortices of rats whose sodium or potassium intake was abnormal. 
Sarason (1943) observed no morphological or cytochemical changes 
in the cortices of rats fed a potassium-deficient diet for a month. 
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tions of 55 mg. per cent 12 hours apart, and the one survivor was killed 12 
hours after the second injection. 

To learn whether the repeated administration of smaller and less toxic 
doses of potassium chloride would affect the adrenal, three rats were in- 
jected four times with 20 mg. per 100 g. at 2-hour intervals. One rat died 
immediate^ after the fourth injection (G hours) and was autopsied. The 
other two were killed 24 hours after the first injection. 

(4) Rats fed did lacking sodivm and injected with desoxycorticosterone 
acetate. To determine whether the administration of desoxycorticosteronc 
would protect the adrenal cortex from the effects of sodium deficiency, 
four young rats weighing about 50 grams were fed Diet A (Table 1) and 

Table 1. Composition of diets 


Basal diet 

Sucrose 
Casein (SMA) 

Corn oil 

Vitamin mixture 0 ' b 
Basal salt mixture 

Basal salt mixture for ration 
Mono-calcium ortho-phosphate 
Calcium chloride, anhydrous 
Magnesium sulfate, anhydrous 
Ferric citrate 

Manganous sulfate, anhydrous 
Zinc chloride, anhydrous 
Cupric sulfate, anhydrous 
Potassium iodide 
Cobnltous sulfate 

Additional salts in the four diets 
Diet A ( sodium-deficient ) 

Potassium carbonate 
Diet B ( potassium-deficient ) 

Sodium carbonate 

Diet C ( sodium and potassium-deficient) 
nothing 

Diet D ( complete ) 

Potassium carbonate 
Sodium carbonate 


g- 

670 

240 

50 

30 


g. 

950.0 

570.0 

100.0 
55.0 

9.0 

4.0 
2.4 
1.6 
0.2 


8.0 g. 

10.4 g. 


8.0 g. 

10.4 g. 


° Deane and Shaw (1947) 

b We are indebted to Merck and Co., Inc., Rahway, N. J., for the crystalline 
vitamins used in these diets. 


injected daily with 2 mg. desoxycorticosterone acetate in sesame oil (Per- 
corten, Ciba 3 ). This dose produces involution of the glomerulosa in animals 
receiving a normal diet (Greep and Deane, 1947). Two of these rats were 
killed after 2 weeks of treatment and two after 4 weeks. As controls, two 
rats were fed Diet A only, and two rats receiving 2 mg. desoxycorticosterone 
daily were fed the complete diet (Diet D). One control of each type was 
killed at 2 weeks and at 4 weeks after beginning the experiment. 

Additional control animals for the last three experiments consisted of 
intact rats fed Purina fox chow. 


3 The Percorten was generously supplied by the Ciba Pharmaceutical Products, 
Inc., Summit., N. J., through the courtesy of Dr. E. Oppenheimer. 
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Table 2. Average weight data for intact rats on diets deficient in sodium, 

POTASSIUM, AND SODIUM-AND-POTASSIUM, AND FOR THEIR CONTROLS. 
INDIVIDUAL.JJ.ATS FROM EACH GROUP WERE KILLED AT 

S, 14, 22, 30, 3S and 70 days 


Diet 

No. 

rats 

Initial 

weight 

g- 

Final 

weight 

g- 

Change in - 
weight 
g- 

Adrenals Thymus 

(Proportion, mg. /1 00 
g. body weight) 

Complete (D) 

6 

153 

222 

+69 

17.0 176 

Na-deficient (A) 

6 

12S 

165 

+37 

22.8 21S 

Iv-deficient (B) 

6 

143 

162 

+ 19 

22.9 1S7 

Na, K-deficient (C) 

6 


126 

-14 

24.7 1'6S 


lacher, Darrow and. Winternitz (1942). The kidneys of the rats on 
the other diets seemed normal in size and appearance. 

The adrenal cortices of the rats on the complete purified diet (D) 
appeared normal in the cytoehemical preparations. The zona glo- 
merulosa was somewhat irregular and measured 30-40 n in width. Its 
cells were quite small and generally crowded with sudanophilic drop- 
lets. The lipid content of different parts of the zone showed the 
normal variability. The sudanophilic droplets contained considerable 



Weeks on Purified Diets 

Fig. 1, The change in body weight over a period of 70 days of individual rats on 
the different purified diets. Initially the animals weighed approximately 150 grams. 
The weight changes of these animals were representative for their respective groups. 
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Tabi.e 3. Average weight data for rats hypophysectomized and fed fox ciiow 

FOR TWO WEEKS, THEN FED THE SODIUM-DEFICIENT (A) OR COMPLETE 
(D) PURIFIED DIETS 



No. 

rats 

Opcr- 

Diet, 

wks. 

Wt. 

g- 

Adrenals 

Thymus 

Kidneys 


ated, 

wks. 

(Proportion, mg./lOO g. 
body wt.) 

Intact 

2 

_ 

Chow 

101 

20.6 

240 

1090 

Hypophysectomy only 

1 

6 

(Chow, 2) 
D, 4 

99 

10.9. 

146 

687 

Hypophysectomy, — Na 

2 

4 

(Chow, 2) 

• A, 2 

101 

9.7 

154 

77S 

Hypophysectomy, — Na 

/ 

3 

G 

(Chow, 2) 
A, 4 

101 

S.l 

62 

738 


operated animals survived for the 6 weeks required for the experi- 
ment. 

The adrenal, thymus and kidney weights for hypophysectomized 
rats fed the sodium-deficient diet (A) are compared in Table 3 with 


Explanation of Figures on Plate I 

All photomicrographs on this and the succeeding plates are of adrenal glands which 
were fixed in 10 per cent neutralized formalin for over 48 hours, washed thoroughly, 
and sectioned at 15m on the freezing microtome. 

Figs. 3-11. Exp. 1. The glomerulosa and outer part of the fasciculata of the adrenal 
cortex. The border between the glomerulosa and the transitional zone has been drawn 
in. Figs. 3-7, Sudan IV and hematoxylin, photographed with blue filter. Figs. 8-11, 
SchifT plasmal reaction, photographed with combined green and yellow filters. All fig- 
ures X200. 

Fig. 3. Rat fed complete purified diet (D, Table 1) for 70 days. The zona glomerulosa 
is characteristically irregular in width and moderately narrow (30m). The sudanophilia 
of the lipid droplets in this zone is intense. Beneath the glomerulosa are a few rows of 
cells which contain little or no lipid — the “transitional” zone. The cells of the outer 
part of tile zona fasciculata are well filled with sudanophilic droplets. 

Fig. 4. Rat fed the sodium-deficient diet (A) for 8 days. The glomerulosa is broad- 
ened (60m) and its cells enlarged. They contain numerous fine lipid droplets which are 
less intensely sudanophilic than normal. Watery vacuoles have developed in some of the 
cells. 

Fig. 5. Rat fed the sodium-deficient diet (A) for 38 days. The glomerulosa is further 
broadened (75m) and retains only a few fine sudanophilic droplets. The cells exhibit 
numerous large watery vacuoles. 

Fig. 6. Rat fed potassium-deficient diet (B) for 70 days. The glomerulosa appears 
shrunken (20 m), but filled with intensely sudanophilic droplets. 

Fig. 7. Rat fed purified diet lacking both sodium and potassium (C) for 38 days. 
The glomerulosa is broad (55m), the cells enlarged and crowded with markedly sudan- 
ophilic droplets. 

Fig. 8. Rat fed complete purified diet (D) for 38 days. The SchifT reaction parallels 
the sudanophilia in the glomerulosa and outer fasciculata in the normal gland. The 
glomerulosa measures 40m. 

Fig. 9. Rat fed sodium-deficient purified diet (A) for 38 days. Only a few SchifT- 
positive droplets remain in the broad glomerulosa (100m), although the reaction in these 
few droplets remains intense. 

Fig. 10. Rat fed potassium-deficient diet (B) for 38 days. Not only is the glomeru- 
losa narrower than normal (20m), but the droplets possessing Schiff-positive material are 
sparse and give only a weak reaction. 

Fig. 11. Rat fed purified diet lacking both sodium and potassium (C) for 38 days. 
The abundant lipid droplets in the broad glomerulosa (50m) are intensely Schiff posi- 
tive. 
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those for an operated rat fed the complete diet (D) and with those for 
intact rats of the same weight. The adrenals (Deane and Greep, 1946), 
thymus (Smith, 1930), and kidneys (McQueen and Thompson, 1940; 
Selye, 1941) regressed in all the hypophysectomized rats. However, 
the kidneys from the animals receiving the sodium-deficient diet were 
slightly heavier than those from the rats fed the complete diet. 

Histologically the adrenal cortex of the operated animal that was 
fed the complete purified diet showed an over-all atrophy similar to 
that in glands of animals maintained on chow for 6 weeks after the 
operation. The latter have been described in considerable detail by 
Deane and Greep (1946) and Greep and Deane (1947). The over-all 
atrophy resulted from marked shrinkage of the fasciculata and reti- 
cularis, whereas the glomerulosa was broader than normal (120/*) 
(Fig. 16). In the glomerulosa all of the ketosteroid reactions remained 
intense, but in the shrunken inner cortex the residual large sudano- 
philic droplets were neither Schiff -positive nor autoflu orescent and 
were only occasionally birefringent. Consequently, the droplets re- 
maining in the inner zone probably contained triglycerides without 
any ketosteroids dissolved therein. 

In contrast to the control hypophysectomized rat, the rats fed the 
sodium-deficient diet exhibited a progressive depletion of ketosteroids 
in the zona glomerulosa. By the fourth week, lipid droplets displaying 
the various reactions were completely absent from the outer part of 


Explanation of Figures on Plate II 

Figs. 12-15. Exp. 1. Birefringence pattern in unstained sections of the whole 
adrenal cortex. X100. 

Fig. 12. Rat fed complete purified diet (D) for 70 days. A mixture of fine and coarse 
birefringent, particles appears in the narrow glomerulosa (30m) and in the fasciculata. 
The “transitional” zone between them is empty. 

Fig. 13. Rat fed sodium-deficient diet (A) for 3S days. The birefringent capsule 
outlines the gland. Below this the glomerulosa (70m) is completely devoid of birefringent 
material. The fasciculata presents about the usual amount. 

Fig. 14. Rat fed potassium-deficient diet (B) for 70 days. The glomerulosa (20m) 
displays only coarse particles. Moreover, the crystals appear sparser than normal (Fig. 
12). The fasciculata seems somewhat superactive, displaying numerous fine birefringent 
particles. 

Fig. 15. Rat fed purified diet lacking both sodium and potassium (C) for 70 days. 
The broad glomerulosa (60m) appears crowded with small birefringent particles. The 
fasciculata contains particles of both sizes as usual. 

Figs. 16 and 17. Exp. 2. Adrenal cortices from rats hypophysectomized for 6 weeks. 
Line drawn between the glomerulosa and "transitional” zone. Sudan IV and hema- 
toxylin, photographed with a blue filter. X150. 

Fig. 16. Control rat hypophysectomized for 6 weeks and fed complete purified diet 
(D) for the last 4 weeks. Sudanophilic lipids occur in the broad glomerulosa (120m) and 
in the shrunken inner zones. By comparison with the other methods, it appears that 
only the droplets in the glomerulosa contain ketosteroids. 

Fig. 17. Rat hypophysectomized 6 weeks and fed sodium-deficient purified diet (A) 
for 4 weeks. The glomerulosa is considerably broader (160m) than in Fig. 16, and is al- 
most completely depleted of lipids, which persist only at the innermost border of the 
zone. The residual lipid droplets in the glomerulosa display the various ketosteroid re- 
actions. 
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tration of desoxycorticosterone acetate would prevent the changes 
in the glomerulosa resulting from sodium deficiency, rats weighing 
50 grams were placed on Diet A and injected with 2 mg. hormone 
daily for as long as a month. Controls consisted of rats fed the de- 
ficient diet only or injected with hormone only. 

The weights at autopsy of the paired adrenal glands, the thymuses 
and the paired kidneys of the experimental animals and their dietary 
and hormone-injected controls are recorded in Table 4. The control 
rats injected with desoxycorticosterone acetate showed adrenal 


Taiu,e 4. Average weight data for the rats fed a sodium-deficient diet (A) 

AMD INJECTED DAILY WITH 2 MG. DESOXYCORTICOSTERONE ACETATE, AND 
FOR THEIR CONTROLS 


Diet 

No. 

rats 

Hormone 

treat- 

ment 

Initial 

wt., 

g- 

Final 

wt., 

g- 

Wt, 

gain, 

g- 

Adrenals Thymus Kidneys 

(Proportion, mg./lOO g. 
body wt.) 

Chow 

2 





S4 



22. S 

242 

11S5 

Na-cleficient 
(A), 2 wks. 

1 

— 

G1 

90 

+29 

31.2 

ISO 

1170 

Na-deficient 
(A), 2 wks. 

2 

+ 

57 

SO 

+22 

2S.6 

243 

11S5 

Complete 
(D), 2 wks. 

i 

+ 

47 

76 

+29 

20.9 

29S 

1270 

Na-deficient 
(A), 4 wks. 

i 

— 

56 

S2 

+20 

30.2 

200 

1190 

Na-deficient 
(A), 4 wks. 

2 

+ 

53 

S3 

+30 

26.4 

229 

1190 

Complete 
(D), 4 wks. 

i 

+ 

44 

143 

+99 

17.5 

250 

1330 


atrophy, a result which has been attributed to inhibition of the secre- 
tion of adrenotropin from the pituitary by this hormone (Del Castillo 
and Rapela, 1945; Creep and Deane, 1947). The kidneys hypertro- 
phied, probably because of potassium deficiency (Durlacher, Darrow 
and Winternitz, 1942). On the other hand, those control rats fed the 
diet lacking sodium showed a slight enlargement of the adrenals but 
no alteration in kidney weight. Finally, the experimental animals given 
both treatments assumed an intermediate position between the other 
two groups in respect to adrenal size, but their kidney weights were 
no'rmal. This latter fact might indicate that low blood sodium tends 
to offset, the effect of low blood potassium on kidney size. The thy- 
muses of all three groups of animals were within the normal range. 

The adrenal cortices of the hormone-injected controls resembled 
those described previously by Greep and Deane (1947), in that the 
zona glomerulosa atrophied somewhat (25 n) and its cells shrank 
(Fig. 22). At 2 weeks the cells of the glomerulosa contained a few 
large lipid droplets which failed to autofluoresce or react with the 
Schiff reagent; the birefringent particles were coarse and sparse. By 
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tain the signs tliat accompany increased or decreased secretory activ- 
ity. 

During increased secretory activity (resulting from pituitary 
stimulation), the cells of the fasciculata enlarge and, consequently, 
the zone broadens. The lipid droplets become small but retain their 
autofluorescence and continue to react intensely with the Schiff 
reagent. All of the birefringent particles within the droplets become 
fine (Weaver and Nelson, 1943). Ketosteroid droplets may disappear 
entirely from the cells if stimulation is excessive or prolonged (Dalton 
el al., 1944; Deane and Shaw, 1947; Sayers and Sayers, 1948). 

On the other hand, with decreased activity of the fasciculata 
(resulting from reduced pituitary activity), the zone and its cells 
shrink measurably. In this condition the lipid droplets enlarge and the 
birefringent particles become coarse. Secondarily, the autofluorescence 
and reactivity with the Schiff reagent decline. With complete inac- 
tivity following hypophysectomy, the droplets ultimately disappear 
entirely (Sarason, 1943; Deane and Greep, 1946; Greep and Deane, 
1947). From this fact it can be seen that disappearance of droplets 
per se fails to indicate whether the cell is hyperactive or entirely in- 
active. Cell size is the primary consideration in evaluating which 
condition obtains. 

Fig. 2 summarizes in diagrammatic form these conclusions con- 
cerning fasciculata-cell changes with stimulation or inactivation. It 
seems reasonable to extend this interpretation of cell activity which 
has been evolved for the zona fasciculata to the observed changes in 
the zona glomerulosa. 

Hyperactivity of the zona glomerulosa. In the present experiments, 
whenever a reduction occurred in the usual sodium : potassium ratio 
of the blood, the alterations characterizing the glomerulosa indicated 
hyperactivity. Similar changes occurred whether the reduction in 
ratio was produced by potassium injection (Exp. 3) or by feeding a 
low-sodium diet (Exp. 1A). Moreover, similar alterations appeared in 
hypophysectomized rats that were made sodium-deficient (Exp. 2). 
The glomerulosa broadened and the individual cells hypertrophied. 
Furthermore the ketosteroid droplets within the cells became very 
small, while retaining their autofluorescence and reactivity with the 
Schiff reagent. Their birefringence became uniformly fine. With severe 
potassium intoxication or prolonged sodium deficiency, the droplets 
disappeared entirely. The acute depletion with potassium poisoning 
resembled the depletion of the fasciculata in the “alarm reaction” 
of Selye (1946) (Fig. 2B). The depletion attending prolonged sodium 
deficiency followed a stage in which the cells were filled with tiny 
droplets (Fig. 2C). This depletion therefore appeared to follow the 
course A— >C— >D (Fig. 2). With either treatment, extreme depletion 
probably indicated that the cells were releasing hormone as fast as it 
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Fig. 1. Effect of Pituitary Gonadotrophin on the Weight and Cholesterol Content 
of the Immature Rat Ovary. A single subcutaneous injection of 10 R.U. was made at 
0 hours. 

per pair of ovaries. It is evident that at no time except at one hour 
after injection was there a decrease in the absolute amount of cho- 
lesterol and even that decrease was not statistically significant. The 
early effect of this gonadotrophin therefore differs from that of APE 
in that the CU does not cause a loss of ovarian cholesterol. The later 
effects, 24 to 48 hours after injection, are similar to those of APE — 
i.e., both types of gonadotrophin cause an accumulation of cholesterol 
at these times. The graphic representation of tins data (Figure 2) 
clearly shows the early cholesterol response to differ from that ob- 
tained with APE. 

The fact that APE caused a loss of ovarian cholesterol whereas 
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as those of unfractionated pituitary extract, of human pregnancy 
urine and of pregnant mare’s serum, the rat ovary responds by a 
rapid and pronounced loss of cholesterol in spite of a distinct increase 
in ovarian weight. During the later stages of the gonadotrophic 



Fig. 3. Effect of Human Chorionic Gonadotrophin on the Weight and Cholesterol 
Content of the Immature Rat Ovary. A single subcutaneous injection of 300 ng. (200 
i.u.) was made at 0 hours. 

stimulatory action, the ovarian cholesterol is apparently replenished 
and the total quantity of cholesterol finally greatly exceeds the original 
level although, because of continuing increase in ovarian weight, the 
concentration remains considerably below the pre-injection level until 
at least the 96th hour. 

On the other hand, with suitable doses of gonadotrophin from 
human post-menopausal urine, the initial phase of cholesterol loss 
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(1948) who studied the early ovarian histological response to various 
gonadotrophins and found that lutein changes, when they occur, are 
seen shortly after administration of all gonadotrophins he tested with 
the single exception of CU. 

A more serious obstacle to a simple interpretation of the present 
results is that of the concept of luteotrophie action of the lactogenic 
hormone. It has been reported (Evans, Simpson and Lyons, 1941; 
Evans, Simpson, Lyons and Turpeinin, 1941) that lutein tissue does 
not secrete progesterone unless activated by a luteotrophie hormone, 
thought to be identical with the lactogenic hormone. Recently, Ever- 
ett (1947) has claimed that by use of histological techniques he could 
demonstrate a marked loss of cholesterol from corpora Iutea as a 
consequence of administration of lactogenic hormone to rats. 

The possibility existed that in the present experiments the loss of 
ovarian cholesterol was the result of the action of luteotrophin, either 
contained in the administered gonadotrophin or secreted by the ani- 
mal’s own pituitary gland in response to the sudden stimulatory proc- 
ess initiated by the administered material. In order to test the Everett 
hypothesis a preliminary set of experiments was set up. In a small 
series of rats the ovarian cholesterol level was caused to increase by 
injecting pituitary gonadotrophin as in the experiments of Table 1. 
Seventy-two hours after the injection of pituitary gonadotrophin, 200 
i.u. of lactogenic hormone was injected into half of the animals, the 
remaining half being retained as controls. Twenty-four hours after 
the injection of lactogenic hormone (i.e., 96 hours after the APE injec- 
tion) the animals were sacrificed. Although the animals injected with 
lactogenic hormone showed a slightly lower ovarian cholesterol level, 
the difference between these and the control APE injected animals 
was certainly not significant. Furthermore, the ovarian cholesterol 
content of animals injected only with 200 i.u. of lactogenic hormone 
and sacrificed 24 hours later was identical with that of uninjected 
control animals. These results therefore provide no evidence to indi- 
cate that the loss of ovarian cholesterol is due to the luteotrophie ac- 
tion of the gonadotrophin. 

The present findings are in good agreement with those of Claesson 
and Hilldarp (1947a; 1947b) who, by histochemical means, have 
found that coitus as well as administration of chorionic or pregnant 
mare’s serum gonadotrophin causes a loss of "cholesterol” from the 
ovaries of rats and rabbits. However, our interpretations do not agree 
with those of Claesson and Hilldarp. They suggest that the "choles- 
terol” is lost from the ovary during the process of estrogen secretion 
and, in fact, refer to it as the “oestrogen precursor.” This conclusion 
is difficult to understand especially since they show that ovaries of 
rabbits in the estrus state (due to continuous secretion of estrogen?) 
contain large amounts of “cholesterol” and this "cholesterol” is rap- 
idly removed by procedures (coitus, injection of PU or PMS) which 
cause ovulation and lutein change. 
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which is observed when normal male rats are treated with thiouraeil. 
Fifteen male rats were given a water ration containing 0.06% thiou- 
racil for a period of 23-25 days. In addition, 20y of thyroxine per 100 
gm. body weight was admi n istered daily. This dose was felt to be ade- 
quate to supply daily requirements, in view of the findings of Meyer 
and Wertz (1939) that thyroidectofnized rats are almost thirty times 


Table 4. Effect of thyroxine administration on the activity 
of THE cholinesterase of male rat plasma 


True ChE. 

Substrate: Mch 
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Substrate: Bch 


67.3 

23.9 


58.5 

22. S 


70.7 
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46.3 
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29.2 


55.5 
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21.9 


7S.0 

24.5 


68.0 

18.9 


56.7 

20.0 
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29.7 


52.9 

36.9 


54.3 

32.4 


61.2 
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49.6 

27.6 

Aver. 

60.9 

27.9 

S.E. 

2.3 

1.9 

t 

0.59 

3.S5 

P 

0.56 

2.2X10-* 


more sensitive to thyroxine than normal animals. The effect of the 
above experimental procedure on the level of pseudo-cholinesterase 
in the plasma of these animals is presented in Table 5. The fact that 
no significant deviation from the normal occurs indicates that the 
administration of thyroxine prevents the rise in plasma pseudo- 
cholinesterase levels induced by treatment with thiouraeil. 

DISCUSSION 

Our observation that an elevated thyroxine level induces in rats a 
depression in the plasma pseudo-cholinesterase activity is at variance 
with the findings of Antopol, Tuchman and Schifrin, who reported an 
elevation in the cholinesterase level of hyperthyroid patients. This 
difference in species reaction is unexplained and further experiments 
will be required for its elucidation. 

Whether the effects observed in rats are due directly to the thy- 
roid hormone or whether they are mediated through the pituitary has 
not been fully determined. Although Sawyer and Everett found the 
potentiating effect of estrogenic substances on rat plasma pseudo- 
cholinesterase to be mediated through the hypophysis, preliminary 
experiments on the thyroid-hypophyseal interrelationship seem toindi- 
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THE INHIBITORY ACTION OF EXCESSIVE 
IODIDE UPON THE SYNTHESIS OF 
DIIODOTYROSINE AND OF THY- 
ROXINE IN THE THYROID 
GLAND OF THE NORMAL 
RAT 1 

J. WOLFF and I. L. CHAIKOFF 

From the Division of Physiology of the University of California Medical School 

BERKELEY 

Both chemical (Haringtori, 1944, 1945; von Mutzenbecher, 
1939; Block, 1940, Reineke and Turner, 1942) and biochemical evi- 
dence (Perlman et al., 1941; Morton et al., 1943; Taurog et al., 1947; 
Leblond, 1942) has shown that at least 2 steps are involved in the syn- 
thesis of thyroxine: 1) iodination of tyrosine to form diiodotyrosine 
and 2) coupling of 2 diiodotyrosine molecules to form thyroxine. 
While the exact nature of step 1 is not well understood, it is apparent 
that the iodide reaching the thyroid gland from the blood must be 
oxidized either to I 2 or to HIO before it can be incorporated into the 
phenolic group of tyrosine. The subsequent coupling of 2 diiodo- 
tyrosine molecules is believed by both Harington (1945) and Johnson 
and Tewkesbury (1942) to be an oxidative reaction in which the oxi- 
dized form of iodide (I 2 or HIO) plays a significant role. 

In a recent communication (Wolff and Chaikoff, 1948a, 1948b) it 
was demonstrated that the administration of relatively large doses of 
inorganic iodide to normal rats blocked the formation of organic io- 
dine in the thyroid gland. This block was related to the level of plasma 
iodine. So long as the level of plasma iodine remained above 20-35 
gamma per cent, no appreciable conversion of inorganic iodide to 
organic forms occurred in the gland (Wolff and Chaikoff, 1948c). In 
keeping with the considerations presented above, excessive iodide could 
thus exert its inhibitory effect by blocking 1) the iodination of tyro- 
sine and/or 2) the coupling mechanism involved in the formation of 
thyroxine from diiodotyrosine. These possibilities are examined in the 
present communication. 


EXPERIMENTAL 

Male rats of the Long-Evans strain, weighing 170-240 gms., were 
used throughout. Their mean body and thyroid weights are recorded 

Received for publication June 18, 1948. 

1 Aided by grants from U. S. Public Health Service and the Committee on Endo- 
crinology of the National Research Council. 
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Table 2. Diiodotyrosine-like, and thyroxine-like fractions found in thyroids 
of rats injected with various amounts of labeled iodide 


Expt. 

Iodide 

I 127 in thyroid as 

Per cent of injected 

I 15 ' recovered as 

injected 

Diiodo- 

tyrosine 

Thyroxine 

Diiodo- 

tyrosine 

Thyroxine 


T 

y 

y 





7.2 

2.S 

14.9 

7.3 



G.S 

2.9 

12. S 

4.9 


5 

7.3 

3.0 

14.1 

S.2 



G.S 

2.7 

S.7 

3.2 



oTo 

2.7 

S.9 

4.5 

1* 

l 

0.1 

2.7 

0.16 

0.019 


100 

S.5 

3.1 

0.11 

0.01S 


G.S 

2.7 

0.1S 

0.029 


1 

5.5 

2.0 

0.12 

0.011 



5.4 

| 2.4 

1 7.1 

2.7 



3.9 

; i.7 

10.5 

2.2 


5 

6.6 

2.7 

11.1 

2.6 



5.6 

2.4 

S.l 

2.1 

2t 


5.9 

2.7 

7.5 

2.5 


3.3 

1.3 

0 .095 

0.013 



3.2 

1.3 

0.045 

0.007 


100 

3.S 

j 1.5 

0.057 

0.009 



7.0 

2.9 

0.04S 

o.oos 



4.S 

2.4 

0.0S5 

0.014 



2.S 

1.0 

5.4 

2.2 



4.3 

2.0 

S.l 

3.3 


10 

5.4 

2.8 

11.4 

4.5 



! 3.9 

1.8 

6.7 

2.0 

5t 


G.G 

2.4 

11. S 

4.0 


3.7 

1 

1.5 

0.15 

0.027 



3.2 

: 1.1 

0.061 

0.013 


100 

4.3 

1 .5 

0.054 

0.010 



3.5 

1.8 

0.041 

0.007 



| 3.4 

1.6 

i 

| 0.033 

0.006 



! 3.0 

1 1 .5 

S.5 

3.2 



4.9 

1.8 

11.7 

4.5 


10 

7.1 

2.S 

15.7 

5.8 



2.S 

1.5 

7.7 

2.6 



5.6 

2.5 

11.3 

4.4 



' 3.2 

2.0 

6.2 

1.6 

6t 

; so 

1 3.4 

1 .8 

2.5 

0.4S 

4.0 

1.7 

1.2 

0.2S 



i 3- 1 

1 .5 

0.S2 

0.24 



1 2.6 

1.2 

0.14 

0.020 


100 

j 4.9 

2.4 

0.0SS 

0.014 


; 2 .s 

1.3 

0.13 

0.019 


I 

1 

I 3.G 

| 1.5 

0.096 

0.012 


* The rats of these experiments were sacrificed at 4.6 hours after the injection of 
labeled iodide. 

f The rats of these experiments were sacrificed 4 hours after the injection of labeled 
iodide. 
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THE NATURE OF THE ANEMIA OF 
PREGNANCY IN THE RAT 1 

CHARLES F. BOND 

From the Department of Zoology, Cornell University 

ITHACA, NEW YORK 

Although the anemia of pregnancy in the rat was once thought 
to be attributed to nutritional deficiencies, some experiments (Mitchell 
and Miller, 1931; Beard and Myers, 1933; Van Donk, Feldmen and 
Steenbock, 1934) demonstrated the inadequacy of dietary supple- 
ments in the prevention of this condition. The importance of the 
placenta in the development and maintenance of pregnancy anemia 
in the rat’ was demonstrated and the possibility of an endocrine 
basis for the anemia was suggested (Newcomer, 1947). In none of 
these experiments was the exact nature of the anemia described, al- 
though hemodilution was suggested because erythrocyte changes 
paralleled hemoglobin changes. In this investigation the nature of 
absolute and relative changes in some of the blood constituents 
during pregnancy in the rat was determined. Studies were made on 
the number of erythrocytes, hemoglobin concentration, hematocrit, 
whole blood and plasma specific gravities, and blood volume at three 
stages of pregnancy in rats. 


MATERIALS AND METHODS 


Long-Evans adult, nulliparous, female rats weighing 169-341 grams 
were used. Pregnancies were dated from the first day spermatozoa were 
observed in vaginal smears taken before 9 a.m. 

Blood samples of 0.2 or 0.5 cc. were obtained from the heart while keep- 
ing the rats under light ether anesthesia and using heparin to prevent clot- 
ting. The determinations were made in the following order from the 0.5 cc. 
sample: erythrocyte count, whole blood specific gravity, hematocrit, and 
hemoglobin concentration. The remaining blood sample was centrifuged for 
30 minutes under a relative centrifugal force (R.C.F.) of 1065, and the 
specific gravity of the plasma was determined. All specific gravity measure- 
ments were made in duplicate using the LaMotte Falling Drop Dcnsiometer. 
Erythrocyte counts were made with a Spencer Bright-Line Haemacytom- 
eter and hemoglobin concentrations were measured by the acid hematin 
method using a Fisher Electro-Hemometer. Color indices were calculated 
according to the formula: 


gm. Hb/lOOcc. experimental rat blood 
gm. Ilb/lOOcc. normal rat blood 


.. . experimental RBC count 

dmded by normal RBC count “ 


Received for publication June 23, 1948. 

1 Aided by a grant from the Sage Fund provided by the Cornell University Trustee- 
Faculty Committee on Research administered by Dr. S. L. Leonard. 
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significantly so by the 21st day of pregnancy (Table 1). 

' There was a significant decrease in whole blood specific gravity 
during the latter half of pregnancy, but more important, a significant 
decrease in plasma specific gravity (Table 1). To determine if any 
change in plasma specific gravity would occur in a group of non-bred 
animals, 6 nulliparous females were studied. The mean specific gravity 
was 1.0272 + 0.0007 on the 1st day and 1.0270 + 0.0003 on the 13th 


Table 1. Observations on the blood of female rats at 

THREE STAGES OF PREGNANCY 



1st day 

13th-14th day 

21st-22nd day 1 

Body weight (gm.) 

200 ±S 2 

230 ±8 

261 ±9 

Erythrocytes 

(million/cmm.) 

8.84+0.21 

8.04 ±0. 15 

7.62±0.19 

Hemoglobin 
(gm./lOO cc.) 

14.2 ±0.2 

13.8±0.4 

13 .2 ±0 .2 

Color index 

0 .99+0.02 

1 .05 ±0 .02 

1 .07 ±0 .02 

Hematocrit (%) 

42. 9 ±1.3 

40.0 ± 1 .2 

38.6 ±0.6 

Specific gravity whole 
■blood 

1.0573 ±0.0004 

1.0566 ±0.0007 

1 .0541 ±0.0003 

Specific gravity plasma 

1.0280 ±0.0004 

1.0284 ±0.0004 

1.0266 ±0.0004 

Blood volume 3 (cc.) 

17.34 ±0.55 

20 .99 ± 1 .09 (5) 

24.45 ±0.72 

BV/100 gm. body wt. 

S .2 

8.0 

8.2 


1 Values of P for the determinations at the 21st-22nd day stage are less than .01 
except for color index and plasma specific gravity where P = .02. 

2 Mean value and standard error; each figure represents determinations on 9 ani- 
mals except where the number appears in parentheses. 

3 Blood volume from rats of Group 3 in which only blood volumes were determined. 
The average body weights on days 1, 14, and 22 of pregnancy were 212 + 6, 260 +6 and 
299 +8 gm. respectively. 

day. On the 21st day it had risen to 1.0297 + 0.0003, a significant 
increase over the previous values (P less than .01). At no other time 
in these experiments were specific gravities of this high magnitude 
recorded. In view of this increase in specific gravity obtained in non- 
bred rats, another group of 6 rats was studied in which samples were 
taken on the 1st, 15th and 29th days. The mean values were 
1.0272 + 0.0004, 1.0275 + 0.0001 and 1.0285 + 0.0004 respectively. 
This increase was not statistically significant (P between .1 and .05). 

Studies revealed a marked increase in blood volume during preg- 
nancy, but no increase was apparent when the results were calculated 
on the basis of the increased body weight (Table 1). The blood volume 
of 1 1 control females averaging 222 + 11 gm. in weight was 17.23 + 0.7 6 
cc. on the 1st day. After 21 days the mean body weight increased to 
243 + 8 gm. and the blood volume increased to 18.39 + 0.90 cc. The 
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Table 3. Calculated mean total number of erythrocytes and 

GRAMS OF HEMOGLOBIN IN FEMALE RATS AT THREE STAGES 
OF PREGNANCY AND 2ND DAY POST-PARTUM 



1st day 

13th— 14t.h 
day 

21st-22nd 

day 

2nd day 
post-partum 

Group 1 

Pregnant rats 

Total RBC 1 

Total III) 1 

I4.5X10 10 

2.32 

14.9X10 10 

2.54 

16.3 X10 11 ' 
2.80 

— 

Group 2 

Pregnant rats 

Total RBC 

Total Hb 

18.0X10 10 

2.93 

— 

20.8X10 1 " 

3.51 

17.4X10 1 " 

2.90 

Non-bred controls 
Total RBC 

Total Hb 

14.0X10 10 

2.40 

— 

15.1 X10 10 
2.52 

— 


1 Differences in body weights between groups of rats in which erythrocyte and 
hemoglobin determinations were made and groups in which blood volumes were re- 
corded were adjusted through use of the blood volume/body weight ratio 


DISCUSSION 

From the experiments reported here, it seems that the anemia of 
pregnancy in the rat is the result of hemodilution. The basic evidence 
for this was (1) the decrease in plasma specific gravity and (2) the 
increase in blood volume which remained constant relative to body 
weight. The ordinary methods of determining anemia from erythro- 
cyte count and hemoglobin concentration do not indicate the nature 
of this anemia. 

When plasma specific gravity determinations were made on 
nuliiparous rats, there was an increase at the same time the pregnant 
animals showed a decrease. Whatever the cause of the increase in 
plasma specific gravity in the non-bred animals, it would seem likely 
that a similar mechanism would work in the pregnant rats. The de- 
crease in plasma specific gravity during pregnancy occurred in spite 
of any such mechanism. 

Although blood volume increased in the rat during pregnancy, it 
remained constant on the basis of 100 gm. of body weight. This was 
also true in the non-bred controls in which the weight gain was not 
as great. It has been shown that the body weight of the pregnant 
rat, not including the weight of the growing conceptus, increased more 
rapidly than normal (Newton, 1935), yet in these experiments the 
blood volume change paralleled the change in total weight of which 
most was contributed by the increase in the uterus and its contents. 

The post-partum studies, although few in number, showed that 
there was a rapid loss in blood volume after parturition. There was, 
however, no appreciably change in erythrocyte and hemoglobin levels 
from those of the 22ncl day of pregnancy. Since no measurement of 
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* , 

Examination of the normal fetal thyroids histologically showed slight 
follicle and colloid formation at the sixteenth day. More colloid and clearly 
defined follicles became apparent as the fetuses progressed toward term. 
The greatest amount appeared in those fetuses that were sacrificed imme- 
diately after parturition. 

Examination of the fetal thyroids of the experimental group failed to re- 
veal any colloid. The follicles were not at all clearly defined, as the cells 
were arranged in a rather haphazard manner. These cells were slightly en- 
larged. As the fetuses approached term, still no colloid could be seen in the 
follicles and their general appearance resembled that of the maternal thy- 
roid of an animal fed thiouracil. This was also true of the experimental mice 
that were sacrificed immediately after birth. 

From these observations it was concluded that when the mouse fetus is 
subjected to the influence of thiouracil, thyroid follicles and colloid formation 
is suppressed. 

DISCUSSION* 

These data on the development of the mouse thyroid indicate that fol- 
licle formation occurs on the 16th day. This agrees with the observations of 
Hall & ICaan (1942) in the rat, but is somewhat earlier than that reported 
by Gorbman & Evans (1941) and Kull (1926). It would appear that 
the time of thyroid development in the two species is approximately the 
same. 

Moody (1910) reported that colloid is found in the pig’s thyroid early 
in embryonic life, when the fetus is only 45 mm. long. Follicles do not appear 
until the embryo is 70 mm. long, that is at approximate^ 50-55 days of age. 

Fenger (1912) stated that the active thyroid principle is present in the 
thyroid of fetal calves 6-12 weeks of age. 

In an earlier report, Fenger (1912) determined iodine in the thyroid of 
fetal sheep 2-4 months of age. Fie believed that the thyroids were active at 
that time. 

Abbott and Pendergast (1937) reported that follicles were found as early 
as the second month of intrauterine life in calves. 

Our work confirms the previous reports by Hughes (1944) Schultze and 
Turner (1945), and Goldsmith, Gordon, & Charipper (1945) that thiouracil 
fed to mothers will cause an enlargement of the fetal thyroids. The mechan- 
ism by which thiouracil affects the fetal thyroid would involve the passage 
of either thiouracil or thyrotrophic hormone or a combination of the two 
across the placenta. 

The work of Friesleben and Kjerulf-Jensen (1946) indicates that in the 
rat thiouracil will pass across the placenta. 

Tobin (1941) found that the fetal thyroids of rats were not stimulated 
by thyrotrophin injected into the mother. He concluded that thyrotrophin 
does not pass through the placenta as it is a very large protein molecule. 
This suggests that the fetal pituitary of mice may begin the secretion of the 
thyrotorphin on or before the 16th day. 

Schultze and Turner (1945) reported that thyroids of fetal goats past 
mid-term of intruaterine life were greatly enlarged when the mothers were 
treated with thiouracil or thiourea. Prior to mid-term thiouracil had no effect 
on the fetal thyroid. 
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then placed in experimental cages and maintained on regular rations 
for 65 days. During the last ten days group (2) received 10 gamma of 
diethylstilbestrol subcutaneously in an oil base daily. On the day 
following the experimental period, both groups were killed and the 
right abdominal mammary gland was removed. At autopsy the con- 
trols showed an average gain of 117 grams and the estrogen injected 
109 grams during the last 45 days of the experiment. 

All of the mammary glands of the control group showed a uni- 
formly bare duct system with no indication of any lobule-alveolar 
development. This is the typical picture that is found in the mammary 
glands of castrated rats. Examination of the mammary glands of the 
rats injected with estrogen showed extension of the duct system and 
distinct end bud growth. In some cases definite lobule-alveolar growth 
was present. These glands showed a typical response to estrogen 
administered in greater than threshold amounts. 

The effects of estrogen on mammary structure of thiouracil 
treated castrate rats 

Each of two litters comprising 18 rats was equally divided between 
groups (3) and (4). These rats were castrated at three weeks of age. 
Both groups were placed in experimental cages at seven weeks of age 
and fed the regular ration to which had been added 0.1 per cent thio- 
uracil. They were maintained on this ration for a 45 day period, the 
last ten of which group (4) received 10 gamma diethylstilbestrol daily. 
Both groups were destined on the eleventh day and the mammary 
glands removed. The controls gained an average of 61 grams and the 
estrogen treated gained an average of 45 grams during the experi- 
mental period. 

The mammary glands of the control group showed a shortened and 
thickened duct system. The mammary glands of two rats showed a 
small amount of lobule-alveolar development. The mammary glands 
of the estrogen injected rats showed a considerable amount of lobule- 
alveolar development, especially toward the ends of the ducts. The 
ducts were shortened and thickened, and the lobule-alveolar growth 
was much more dense than that of the estrogen treated rats which did 
not receive thiouracil (group 2). In comparison with the castrate rats 
which did not receive thiouracil (group 1), the mammary glands of 
group (3) showed shorter and thicker ducts. 

The effects of estrogen on mammary structure of 
adrenalectomized castrate rats 

Each of two litters comprising 20 rats was equally divided between 
groups (5) and (6). These rats were castrated at three weeks of age. 
All were adrenalectomized at five weeks of age, and placed on one per 
cent NaCl in the drinking water. A period of ten days was allowed for 
recovery from the effects of the operation, at which time they were 
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placed in the experimental cages and fed regular rat ration for a period 
of 45 days. During the last ten daj's group (6) received IQ gamma of 
diethylstilbestrol daily. All were destroyed on the eleventh day and 
the mammary glands removed. The control group gained an average 
of 86 grams while the estrogen treated group gained an average of 79 
grams during the experimental period. 

The mammary glands from the contol group had long atrophic 
ducts with no lobule-alveolar development. The ducts were longer and 
thinner than those of any of the groups which did not receive estrogen. 
The mammary glands of the rats which received estrogen were also 
very extensive in area and were greatly thickened grossly as a result 
of extensive lobule-alveolar development. The over-all development 
of these glands was somewhat greater than that of the estrogen treated 
castrated rats. 

The effects of estrogen on mammary structure of thiouracil 
treated adrenaleclomized castrate rats 

Each of two litters comprising 18 rats was equally divided between 
groups (7) and (8). These rats were castrated at three weeks of age. 
They were adrenalectomized at five weeks of age and placed on one 
per cent NaCl in the drinking water. After a ten day recover y period 
they were placed in experimental cages and fed the regular rat ration 
to which 0.1 per cent thiouracil had been added. They were main- 
tained on this ration for 45 days the last 10 of which group (8) re- 
ceived 10 gamma of diethylstilbestrol daily. The rats were destroyed 
on the eleventh day and the mammary glands removed. The average 
weight gain for the controls was 50 grams and that of the estrogen 
treated was 37 grams for the experimental period. 

The mammary glands of the control group showed very short 
atrophic ducts. The ducts of these glands were shorter than those of 
any other group and were thinner than those of either the castrate or 
the thiouracil treated castrate group. The mammary glands of the 
estrogen treated group showed a short, thick duct system with con- 
siderable lobule-alveolar development. The peripheral alveoli were 
especially dilated. The over-all development of these glands was 
greater than that of any other group. 

DISCUSSION 

The purpose of the present work was to determine the effects of 
estrogen on the mammary structure of thiouracil treated, adrenalec- 
tomized castrate rats. In order to evaluate the factors responsible for 
the mammary growth obtained in these rats, it was necessary to set 
up a series of experiments which would demonstrate the effects of 
•various combinations of treatments. In addition, these control groups 
served to confirm certain results of earlier workers in similar experi- 
ments. The mammary structure of castrate and estrogen treated 
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The increased lobule-alveolar development obtained following 
estrogen administration to thiouracil treated rats might be a result of 
any one or a combination of the following factors. Since the size of the 
mammary gland is reduced in rats treated with thiouracil, it might be 
argued that we are dealing with the effects of a given amount of hor- 
mone on a smaller gland. That this is not the case was suggested by r 
Smithcors and Leonard (1942), who reported that the same amount of 
estrogen administered to a smaller rat with the same size mammary 
gland as in the case of the hypothyroid rats elicited a normal response, 
i.e., extension of the duct system. 

The other possibilities are that the effectiveness of the injected 
estrogen is augmented by the hypothyroid state or that the sensitivity 
of the mammary tissue to injected estrogen is increased by the hypo- 
thyroid state. An antagonistic relationship is known to exist between 
thyroxine and estrogen function (Tyndale and Levin, 1937), and the 
hyperthyroid state increases the threshold of response to estrogen 
(Meyer and Wertz, 1938b). Injection of estrogen will lower basal 
metabolic rate of rats as much as 50 per cent (Sherwood and Bowers, 
1936). 

It is possible that estrogen in the normal animal may have the 
potential power to produce both duct and alveolar growth, but the 
power to produce the latter may be held in check by the functioning of 
the thyroid. Since the amount of estrogen used in the present work 
was shown to be capable of stimulating a limited amount of lobule- 
alveolar growth in the castrate rat, it is possible that the altered meta- 
bolic state brought about by thiouracil administration accentuated 
this response of the mammary gland to injected estrogen. While the 
present experiments were not designed to discriminate between these 
two possibilities, it appears likely that both of these factors are oper- 
ative. If one of the effects of thyroxine in the normal animal is to hold 
in check the inherent ability of estrogen to produce lobule-alveolar 
growth, its absence in the hypothyroid state would favor lobule- 
alveolar development in a mammary gland known to be capable of 
making this response to injected estrogen. 

The results of adrenalectomy on the mammary growth of castrate 
rats differ somewhat from those obtained by several other workers. 
The thin atrophic ducts found in the present work resemble those 
reported by Trentin and Turner (1947), except that in the present 
work the ducts are very much longer. Reeder and Leonard (1944), 
reported an increase in the number of lateral buds and found some 
increase in end bud growth in their adrenalectomized castrate rats. 
That end bud growth occurred in the present work is obvious from the 
length of the ducts. The fact that end buds were not abundant at 
autopsy indicates that the rate of duct extension had decreased some 
time prior to autopsy. 

The difference in appearance of the mammary glands in the pres- 
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The duct system of the mammary gland was short as in the case of the 
thiouracil treated castrate rat and thin as in the case of the adrenal- 
ectomized castrate rat. Apparently thiouracil inhibited the extension 
of the duct system observed after adrenalectomy, and conversely, 
adrenalectomy inhibited the thickening of the duct system caused by 
thiouracil treatment. 

When estrogen was administered to thiouracil treated, adrenal- 
ectomized castrate rats the degree of duct extension was similar to 
that of the thiouracil treated castrate rats which received estrogen, 
but the lobule-alveolar development was greater than in the latter 
group. The greater degree of lobule-alveolar development of this group 
is compatible with the findings that estrogen administered to thioura- 
cil treated and to adrenalectomized castrate rats stimulated lobule- 
alveolar development. While these glands resembled those of the thi- 
ouracil treated castrate rats which received estrogen, the additional 
effect of adrenalectomy could be distinguished by the greater disten- 
tion of the peripheral alveoli. 

Since the effects of thiouracil treatment and of adrenalectomy on 
mammary growth of castrate rats are diametrically opposed, it is 
obvious that when these techniques are combined the resulting mam- 
mary growth represents a compromise between the several forces 
acting upon the mammary gland. It is well known that any factor 
which inhibits growth in general has its greatest effect on cells which 
are most actively growing at the time this inhibition is applied. The 
most active cells in the mammary glands of the young animal are 
those at the ends of ducts, thus thiouracil which inhibits growth in 
general would most likely affect end bud growth. The residual growth 
potential of the mammary gland would then be seen in a thickening of 
the ducts which were already present. The administration of a potent 
growth stimulating substance such as estrogen, would also affect 
structures already present instead of causing new growth. This ex- 
planation would seem to account for the thickening of the shortened 
ducts found upon thiouracil administration, and the lobule-alveolar 
development of this less extensive gland upon estrogen administra- 
tion. 

The fact that duct extension is the characteristic response of the 
mammary gland after adrenalectomy, indicates that some inhibiting 
factor upon growth of the mammary gland has been removed; thus 
the more rapidly growing part of the gland, i.e. the duct end buds, are 
stimulated more than the duct system which has already passed its 
peak of growth. Since in the present experiments the ducts had ap- 
parently reached their definitive size at the time estrogen was adminis- 
tered, it is logical that the greatest effect of estrogen would be to 
stimulate lobule-alveolar development. 

In the adrenalectomized castrate rats which received thiouracil, 
it is apparent in both body growth and in growth of the duct system 
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of the mammary gland that the thiouracil was highly effective in 
producing a hypothyroid state. In the absence of duet extension it is 
obvious that estrogen administration to these animals was most 
effective in producing lobule-alveolar development. A partial effect of 
adrenalectomy in counteracting the inhibition of end bud growth was 
seen in the greater peripheral distention of the alveoli. 

SUMMARY 

Thiouracil fed to castrate rats at the rate of 0.1 per cent of ration 
for 45 days resulted in a shortened and thickened mammary duct 
sj r stem. The administration of estrogen during the last ten days of the 
thiouracil treatment period resulted in a mammary gland showing 
shortened and thickened ducts and considerable lobule-alveolar de- 
velopment. 

The mammary glands of rats which had been adrenalectomized 
for 55 days had long atrophic ducts with no lobule-alveolar develop- 
ment. When estrogen was administered for the last ten days of the 
experimental period, the mammary glands were very extensive in area 
and showed lobule-alveolar development in excess of that of the es- 
trogen treated castrate rats. 

The mammary glands of adrenalectomized, thiouracil treated 
castrate rats showed a very short atrophic duct system. The adminis- 
tration of estrogen resulted in a mammary gland with a short thick 
duct system and considerably more lobule-alveolar development than 
any other group. 
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EXPERIMENTS ANS RESULTS 

In Experiment 1 (Fig. 1) 4 partially .depancreatized rats without, 
spontaneous glycosuria were given ACTH in daily amounts of 0.25 
mg. for 3 days, 0.5 mg. for 3 days and 1.0 mg. for 7 days. A rise in 



DAYS 

Fig. 1. Averages for 4 partially depancreatized rats treated 
with ACTH before and after adrenalectomy. 

urinary nitrogen and a mild glycosuria was elicited in each rat. When 
the injections of ACTH were stopped the glycosuria disappeared and 
the level of urinary nitrogen fell to normal values. The animals were 
adrenalectomizecl and maintained with adrenal cortex extract for the 
remainder of the experiment. Following operation there was a marked 
rise in nitrogen loss in each animal. The peak was reached on the 
third postoperative day and gradually fell until the- nitrogen balance 
became strongly positive. Twenty-one days following adrenalectomy 
each rat was again treated with 1 mg. of ACTH per day for 7 days. 
None of the rats excreted glucose in response to ACTH and the values 
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7 days. When the injections were stopped the 
and a positive nitrogen balance was re-estab- 
iporary increase in nitrogen loss following ad- 
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Fig. 3. Values for 1 partially depancreatized rat treated 
with ACTII before and after adrenalectomj r . 


renalectoniy. Twenty-one days following operation the animal was 
treated with 2 mg. of ACTH per day for 7 days without causing 
glycosuria or any significant change in urinary nitrogen. 

DISCUSSION 

These data support the conclusion that the diabetogenic effect of 
ACTH and its effect upon nitrogen balance is mediated by the adrenal 
cortices and that there is no synergism in action. 

This is the first demonstration of a diabetogenic effect of pure 
ACTH in the partially depancreatized rat but it has been fully an- 
ticipated by the demonstration that ACTH exacerbates alloxan 
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5-mg. dosage had recently ovulated, even though they had exhibited 
no estrus. Ovulation was inhibited in the remaining 15 ewes on this 
dosage and in all of the ewes on the 10-mg. dosage. 

The corpora lutea from the last natural estrus had regressed in 
size to a diameter of 1.5 to 3 mm. in all ewes except one on the 5-mg. 
dosage, in which a 5 mm. corpus was observed. This ewe did not show 
a post-treatment estrus; however, at the time of autopsy she had a 
recent corpus luteum indicating a “quiet” ovulation. 

Influence of Stage on Effectiveness of Treatment 

Estrus and ovulation both occurred in only 12 of the 18 ewes on 
the 5-mg. dosage within seven days subsequent to the termination 
of treatment. Three of the remaining six ewes ovulated during treat- 
ment and consequently showed no estrus during the post-treatment 
period. Of the remaining three ewes, two were considered to have 
cystic follicles at the time of autopsy. One of these had a 22-mm. 
follicle on the left ovary; however, this ewe did show estrus for a 
period of one day beginning three days after the last injection. The 
other ewe had a 23-mm. follicle on the right ovary, but she did not 
show any signs of estrus as indicated by the action of the teaser ram 
during the post-treatment period. The one remaining ewe on this 
dosage showed no post-treatment estrus; however, on autopsy it was 
found that a quiet ovulation had occurred. 

The stage at which treatment was initiated appears to have an 
effect on the inhibition of ovulation during treatment with this 
dosage. Ovulation was inhibited in all ewes in which treatment was 
begun at the 4-day stage, in 5 out of 6 in which treatment was begun 
at the 8-day stage and in 4 out of 6 at the 12-day stage. With the ewes 
started at the 4-day stage the animal’s own luteal tissue has to be 
supplemented for only 3 or 4 days, while in the 8- and the 12-day 
stages, suppression of the pituitary luteinizing hormone is dependent 
for a longer period of time upon only the exogenous progesterone. 

Effect upon Interval from End of Treatment to Estrus 

The regularity of the occurrence of post-treatment estrus in the 
ewes on the 10-mg. dosage is very striking. The average interval from 
the end of treatment until , the onset of next estrus in this group was 
3.2 days with a range of 0.5 day, while the average predicted from 
the control intervals was 11.8 days (Table 1). 

The “typical” ewes on the 5-mg. dosage, those showing a post- 
treatment estrus and ovulation, had an average interval to onset of 
estrus of 2.8 daj'-s with a range of 2.0 days. Considering all of the ewes 
on this dosage, and, assuming that those which did not show estrus 
would have done so at the next predicted estrual period, the average 
interval to estrus for the 18 ewes would have been 5.4 days. The aver- 
age predicted interval on this dosage was 12.1 days. Two of the ewes 
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Dosage 


5-mg. 


10-mg. 


Table 2. Effect on Length of Estrual Cycle 


Cycle 



Stage of Treatment 



4-day 

8-day 

12-day 

Mean 

Variance 

Mean Variance 

Mean 

Variance 

Control 

16.4 

1.1 

16.5 0.5 

16.5 

0 

Experimental 

19.4 

0.2 

23.5 0.5 

27.7 

0.1 

Control 

16.5 

0.5 

16.1 0.2 

16.4 

0.1 

Experimental 

20.0 

0.2 

24.2 0.1 

27.9 

0.1 


The experimental cycles were longer than the control cycles for all of 
the ewes, regardless of the stage at which treatment was begun. The 
experimental period of the animals was terminated shortly after the 
occurrence of a post-treatment estrus; therefore, no information was 
obtained on the subsequent cyclic rhythm. 

Duration of Estrus 

The length of the post-treatment estrus was shorter than the con- 
trol by an average of 0.2 day for the ewes on the 5-mg. dosage and by 
0.1 day for the ewes on the 10-mg. dosage. Neither difference was 
statistically significant. Physiologically a shorter estrual period might 
be expected if the suppression of the luteinizing hormone had not 
been complete, since under the augmentative influence of a small 
amount of luteinizer the follicles would be more mature at the end of 
treatment than if no luteinizer were present. It was pointed out earlier 
that the interval to onset of estrus was significantly shorter for the 
ewes on the 5-mg. dosage and, although there is no significant differ- 
ence in the duration of estrus, the ewes on the lower dosage did have 
the shorter estrual period. 

Further evidence for supporting the hypothesis of a “blockage” of 
the luteinizing hormone by progesterone is furnished by the differ- 
ences in follicular size observed at laparotomy in the two groups of 
ewes. The average diameter of the largest follicle in the ovaries of 
the typical ewes on the 5-mg. dosage was 9.0 mm. and for the ewes on 
the 10-mg. dosage, 6.8 mm. (Table 3). This difference between dosages 


Table 3. Effect of Two Different Dosages of Progesterone on 
Size (mm.) of Largest Follicle at End of Treatment 




Stage of Treatment 



Dosage 

4-day 

8-day 

12-day 


All 


Mean Variance 

Mean Variance 

Mean Variance 

Mean 

Variance 

5-mg. 

8.3 0.3 

9.8 1.0 

S.S 4.9 

9.0 

1.8 

10-mg. 

6.5 1.0 

7.0 0.7 

7.0 2.0 

6.8 

1 .1 
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definitely, since at autopsy the follicle was so large and the ovary so 
distorted in shape that it was not possible to identify this follicle as 
the same one that was marked at laparotomy. The suggested cause 
of the cystic follicles then is the lowness of the level of luteinizer 
interacting with the follicle-stimulator, resulting in continued follicu- 
lar enlargement. 

Possible explanations for failure of the ewes to show estrus when 
they ovulated during the injection period are: (1) that while in the 
blood stream progesterone inactivates estrogen or facilitates its ex- 
cretion from the body at such a rapid rate that it does not act on 
the nervous system or (2) that progesterone itself acts on the nervous 
system, rendering it insensitive to the stimulus of estrogen. An 
anesthetic action of high dosages of progesterone on the nervous sys- 
tem of the rat has been reported (Selye, 1941 ; Hartman, Burge and 
Doctor, 1947). 

Effect on Ovulation 

One effect of inhibition of ovulation for a period of time might be 
a change in the number of ovulations at the next estrual period. An 
increased number of follicles might be ovulated following inhibition 
of the pituitary output of luteinizer as a result of the ovaries being 


Table 5. Effect on Number of Ovulations 


Dosage 

Estrual Period 


Stage of Treatment 


4-day 

8-day 

12-day 

All 


Control 

2.2 

2.0 

1.3 

1.9 

5-mg. 


Experimental 

1.6 

1.5 

1.0 

1.4 


Control 

l.S 

1 .8 

l.S 

l.S 

10-mg. 


Experimental 

1 .5 

1 .8 

1 .8 

1.7 


subjected to an extended period of follicle-stimulating action followed 
by release of an accumulated reserve of luteinizing hormone. As con- 
trol data, the numbers of corpora lutea present from the last estrual 
period were taken. In the analysis of the data for the 5-mg. group 
only the typical ewes will be considered. 

The average number of ovulations for the ewes on the 5-mg. dos- 
sage was significantly lowered at the experimental estrual period by 
an average of 0.5 per ewe. For the ewes on the 10-mg. dosage there 
was no significant change, 1.7 per ewe for the experimental period 
and 1.8 for the control period (Table 5). The smaller number of ovula- 
tions in the 5-mg. group can also be explained by (1) an insufficient 
amount of luteinizer after withdrawal of progesterone or (2) some of 
the potentially ovulatable follicles were spoiled by the low level of 
luteinizer which was being released continually. The former possi- 
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action of the 8-day ewes to the treatment was as uniform in the inter- 
val from end of treatment to estrus and in the length of the post- 
treatment estrus as were the ewes which were started at the other 
two stages of the cycle. It is possible that the difference may be due 
to chance. The point of real importance is that the eggs resulting 
from the first estrual period following progesterone treatment are in 
general fertile. Whether they would have gone on to develop into nor- 
mal embryos was not determined. 

SUMMARY 

The effects of crystalline progesterone on regulating the estrual 
cycle of the ewe during the active breeding season was studied. Thirty 
ewes were given daily subcutaneous injections starting on the fourth, 
eighth and twelfth days after the first day of estrus. Two dosages 
were used, one of 5 mg. and one of 10 mg. daily. Eighteen ewes were 
placed on the first dosage and 12 ewes on the second dosage. 

Estrus was suppressed during treatment with either dosage. Three 
of the ewes on the 5-mg. dosage ovulated during treatment, but ovula- 
tion was inhibited during treatment in all ewes on the 10-mg. dosage. 
Estrus occurred in all 12 ewes on the 10-mg. dosage from 3 to 3.5 days 
after the last injection. The 5-mg. dosage was not so effective in con- 
trolling the time of onset of estrus. Only 12 of the IS ewes showed a 
post-treatment estrus and ovulation. Two of the ewes had cystic 
follicles and one a quiet ovulation when they were autopsied. 

The length of the post-treatment estrus was shortened, but not 
significantly with either dosage. In the typical ewes on the 5-mg. 
dosage the number of post-treatment ovulations was significantly 
lower than for the control period, average per ewe being 1.4 for the 
experimental and 1.9 for the control period. The number of ovulations 
per ewe on the 10-mg. dosage was 1.7 for the experimental and 1.8 for 
the control period. 

As a result of the treatment, the estrual cycles of all the ewes 
were lengthened. The longest cycles were observed in the ewes on the 
10-mg. dosage treated at the 12-day stage where the group average 
was 27.9 days. The average cycle length for the typical ewes on the 
5-mg. dosage at the same stage was 27.7 days. The experimental 
cycles of the ewes in the other two stages were shorter by approxi- 
mately the differences between the corresponding stage intervals, i.e., 
4 and 8 days. « 

Fertilized eggs were recovered from ewes treated at all stages of 
the cycle on both dosages. The higher percentage of fertile eggs, 67 
per cent, was recovered from the ewes on the 10-mg. dosage, as com- 
pared to 44 per cent from the ewes on the 5-mg. dosage. The eggs 
recovered from ewes when treatment was started at the S-day stage 
showed the lowest fertility. 

Daily subcutaneous injections of 10 milligrams of progesterone 
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OBSERVATIONS ON THE SEX SKIN AND SEX 
CYCLE IN THE CHIMPANZEE 1 

GEORGE CLARK and HERBERT G. BIRCH 
From the Dept, of Anatomy, The Chicago Medical School, Dept, of Psychology, 
College of the City of New York and the Yerkes Laboratories of 
Primate Biology, Inc. 

ORANGE PARK, FLORIDA 

There are at least four stages involved in the study of the mam- 
malian sex cycle. The first is the establishment of the length of the 
cycle in the particular species under investigation, the second the 
subdivision of the cycle into such phases as the periodic fluctuations 
in morphology permit, the third the study of deviations in the hope 
of obtaining information that may lead to a better understanding of 
the normal, and finally the correlation of endocrine changes with the. 
periodic changes in morphology and behavior. In primates the first 
phase of the investigation is simplified by the almost universal occur- 
rence of menstruation, which provides a reliable initial and terminal 
indicator. Further, in the chimpanzee and several other species of 
primates the natural periodic variations in size, color, shape, and the 
degree of tumesence of the anogenital area afford a second set of indi- 
cators which provide a direct perceptual basis for subdividing the 
sexual cycle. These indicators also make possible the ready recog- 
nition of a variety of deviations from the normal. 

Previous reports on the sexual cycle of the female chimpanzee 
(Elder and Yerkes 1936, Young andYerkes 1943) have contributed 
greatly to our knowledge of the normal cycle in this organism and 
have further afforded information on some of the aberrations which 
may appear. The present paper represents a continuation of the study 
of the chimpanzee sex cycle with particular emphasis on the nature 
of spontaneously occurring deviations from the normal. It also re- 
ports our attempts to duplicate these divergences from normal 
periodicity in induced or artificial cycles 2 in two female castrate 
chimpanzees. An integration of the data from spontaneously occur- 
ring aberrations with the evidence on the artificial induction of atypi- 
cal cycles seems to provide explanations for deviations from the nor- 
mal which appear in the first cycles after the menarche, for the occur- 

Received for publication July 9, 194S. 

1 An abstract of this paper appeared in Anat. Rec. 99: 453, 1946. 

5 The hormones used in this study, Alphaestradiol (Progynon DH), ethinyl es- 
tradiol (Estinyl) and anhydrohydroxyprogesterone (Pranone) were generously sup- 
plied by the Schering Corp. Bloomfield, N. J. 
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the onset of detumescence, the third externally visible alteration in the 
sex cycle, is not concomitant with ovulation. The duration of the lag 
between the two events ranges from one to six days. 

The third phase of the sex cycle is characterized first by detumes- 
cence of the ano-genital area and then by a period of genital quiescence 
which is terminated by ■ menstruation. In ovulatory cycles this phase 
corresponds to the physiological changes involved in the luteal phase 
of the cycle. The change from tumescence to detumescence and the 
entire absorption of the genital swelling occurs in a remarkably short 
time. The detumescent period may be as short as forty-eight hours 
with the major decrease in the first twenty-four hours. In the baboon 
histological studies by Zuckerman (1930) have shown that the swelling 
is the result of the accumulation of intercellular fluid rather than the 
product of cellular enlargement. It is probable that the same is true 
for the chimpanzee because in the few instances where we have ob- 
served lacerations of the swelling the tissue has appeared to be quite 
engorged and there was seepage of clear, colorless fluid from the torn 
surfaces. 

The fourth and final phase of the cycle is menstruation which has 
an average duration of three days. Thus in the average cycle the pre- 
swelling phase occupies seven days, the swelling eighteen days, the 
postswelling phase ten days, and menstruation three days for a total 
average (mean) cycle length of about 38 days, with a range of 22 to 
187 days. Young and Yerkes (1943) also give the median as 35 days 
and the mode as 33 days and state that the curve is skewed to the 
right. Unfortunately they failed to give the median and mode for the 
various subdivisions of the cycle. 

In order better to understand the physiological events in average 
cycles the study of atypical cycles is necessary. Atypical cycles may 
be observed under four different sets of circumstances. These are as 
follows: 1. Variability in the normal cycle (subdivided into a. Intro- 
duction, b. Premenstrual swelling, c. No premenstrual quiescence, 
and d. No preswelling phase), 2. Initial cyclical events at puberty, 3. 
Changes in sex skin during pregnancy and, 4. Postpartum reinstitu- 
tion of cycle. 


VARIABILITY IN THE NORMAL CYCLE 

Introduction. Variations are found not infrequently in the cycles 
of presumably normal subjects and are listed in Table 2. The first 
two columns give the name of the animal and the number of her 
cycles that we have followed. In subsequent columns there are fisted: 
the frequency of premenstrual swelling, of the failure of detumescence 
to be completed before the onset of menstruation, of the omission of 
the preswelling phase, and of the occurrence of tumescence during 
menstruation. These conditions are illustrated in graphic schemata in 
Figure 1. It is evident that any of the first three conditions may lead 
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inoline) was also given. Three days after complete detumescence the 
pregneninoline was discontinued while the alpha estradiol was con- 
tinued with no change in daily dosage. On the third day after the last 
dose of the progestational hormone the swelling had increased to £ 



Fio. 1. Schemata illustrating three types of unusual cycles. In these and also in 
Figures 2, 3 and 4, time is indicated by the horizontal row of dots beneath the 
graphs. Each of these dots represents an interval of ten days. PR represents the lowest 
level of sex skin tumescence in the cyclical female and is definitely larger than in the cas- 
trate. It is ordinarily seen just before, just after and during menstruation. MAX repre- 
sents the height of tumescence, the time when the swelling of the sex skin is at a maxi- 
mum. Menstruation is indicated by the dots immediately beneath the graphs. Figure 
1A. Premenstrual swelling. Figure 1 B. No premenstrual quiescence. Figure 1C. No 
preswelling phase. 
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the duration of menstruation, and finally the total length of the cycle. 
Thus in the first cycle listed menstrual flow lasted for three days on the 
last day of which the sexual skin was definitely in early swelling. The 
tumescent period extended to the 13th day after cessation of flow, 
corresponding to a total length of the swelling phase of 14 days. The 
post swelling phase lasted 13 days and menstrual flow for 2 days with 
a total length for the cycle of 28 days. In three of these cycles Wendy 


Table 3. Deviant Cycles of Wendy as Compared to Her Average Cycle 

and Her Shorter Cycles* 


Menstruation 

Old Cycle 
Menstrual 

Swelling 

Phase 

New Cycle 
Postswelling 

Menstruation 

Total 


Swelling 

Phase 



3 

1 

13 

13 

2 

28 

4 

2 

14 

Pregnant 



2 

1 

14 

13 

3 

30 

3 

2 

13 

14 

2 

27 

2 

2 

13 

Pregnant 



3 

1 

13 

Pregnant 




Preswelling 

Phase 

Swelling 

Phase 

Postswelling 

Phase 

Menstruation 

Total 

Average cycle 
Short cycles 

4 

16 

10 

3 

33 

11/38 

0 

16 

12 

1 

29 

4/39 

1 

12 

13 

1 

27 

3/42 

2 

14 

10 

2 

28 


* AH numbers except dates refer to number of days. 


was mated and each time conception occurred, so it is evident that 
these were ovulatory cycles despite the unusual characteristics of the 
first few days. In the other three cycles listed there was no opportu- 
nity for fertilization but if mating had occurred there is no reason to 
believe that conception would not have taken place. Since sexual 
swelling is produced only by a rise in estrogen level, it is necessary in 
these cases to assume increasing follicular activity concomitant with 
menstruation. 

If one measures cycle length from the end of the preceding men- 
struation, the beginning of detumescence is earlier in these six cycles 
than in her average cycle or in most of her shorter cycles (see Table 3) . 
The times calculated in this, the customary manner, are 20 days for 
the average cycle, 16, 13, and 16 days for the short cycles and 12, 
12, 13, 11, 11 and 12 days for the six cycles under discussion. It is 
difficult to assign a definite length to cycles such as these. The interval 
between the cessation of menstruation and the end of the succeeding 
period of flow, although defined as the cycle length, is not necessarily 
correct in these instances. It is probable that considerable follicular 
growth and estrogen secretion had occurred by the time that cessa- 
tion of luteal function had affected the endometrium for in artificial 
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Fig. 2. Changes in sex skin during two successive pregnancies in Bulu, 


in the two graphs of Figure 2 where the changes in the sex skin in two 
successive pregnancies in the same animal (Bula) are shown. The 
various steps correspond to the estimates made in the daily examina- 
tion. The lack of correspondence between the two graphs is evident. 
For comparison the graphs of two non-pregnant cycles and of two 
average cycles are shown in Figure 3. Usually it is only during the 
first trimester of pregnancy that the sex skin attains a size comparable 
to the maximum of the normal cycle. Large swellings do occur in later 
phases of pregnancy but we have never seen large swellings in either 
of the last two trimesters unless there have been more or less regular 



Fig. 3. A. Changes in sex skin in two successive cycles in Bula. B. Two average cycles. 
The period of premenstrual quiescence is indicated by the vertical lines. 
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episodes of tumescence during the first trimester. In addition there are 
many minor and irregular fluctuations both in the size and in the color 
of the non-pigmented portions of the genital area. There also seems 
to be a slow trend towards a deeper shade of rose but otherwise the 
changes seem unsystematic. These events are explicable in terms of 
some of the phenomena observed in artificial cycles. In connection 
with other work (Birch and Clark, 1946) it was necessary to give 
Nira, who was both ovariectomized and hysterectomized, a follicular 
hormone and a luteal hormone for a considerable period of time. The 
resultant changes in her sex skin are shown in Figure 4. The periods 
of treatment with anhydrohydroxyprogesterone (10 mg/day by 
mouth) are indicated by the solid line and those with alphaestradiol 
(2 mg/day by mouth) by the dotted fine. In the first experiment 
after 29 days of treatment with the progestational hormone the estro- 
gen was given in addition: The reverse was done in a second experi- 



A 



B 

Fig. 4. Changes in sex skin during combined treatment with alphaestradiol and 
anhydrohydroxyprogesterone. A. Treatment with anhydrohydroxyprogesterone first 
followed by combined treatment. B. Treatment with alphaestradiol first followed by 
combined treatment. Period of treatment with anhydrohydroxyprogesterone indicated 
by solid line beneath graph. Period of treatment with alphaestradiol indicated by 
dashes beneath graph. 
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ment where, after a period of treatment with the estrogen, pregnenin- 
olone was also given. It will be seen (Figure 4) that the preliminary 
response of the sex skin was the same in both experiments. The latent 
periods between institution of estrogenic therapy and the onset of 
swelling and the time for attainment of complete tumescence were 
identical. It will be seen that in the second experiment the amount of 
pregneninolone was insufficient to produce total deturgescence and that 
after the swelling regressed to about \ of the maximum size retnrges- 
cence occurred. For want of a better term one' might call this an “es- 
cape” of sex skin from the inhibitory action of the progesen. The simi- 
larity with the condition during pregnancy may be only suggestive. 
The individual variation (see Figure 2) is so great that other factors 
must also be operative. 

POSTPARTUM REINSTITUTION OP CYCLE 

During lactation the sex skin is so quiescent that it appears similar 
to that of the castrate or pre-adolescent and thus bears slight resem- 
blance to the resting sex skin of the late postswelling or of the preswell- 
ing phases in the normal animal. When cyclic activity begins anew 
the changes in configuration of the sex skin in successive cycles re- 
mind one of the adolescent but are more rapid. The swellings are at 
first small in size with progressive increases in subsequent cycles. 
However, when the baby is taken from the mother immediately or 
if it is stillborn the first swellings may approach full size. As Young 
and Yerkes (1943) have shown the lengths of the various phases of 
the cycles are also suggestive of the adolescent but again the changes 
in successive cycles are more rapid. Indeed if one compares the length 
of the postswelling phase preceding the first menstrual period after’ 
pregnancy with the first postswelling phase succeeding the first "men- 
struation, the difference is statistically significant. That is, if the men- 
strual period marked “A” in the graphs of the normal cycles of Figure 
3 was the one being considered then we would be comparing the period 
between the first parallel lines with the second. As determined by 
Fisher’s “t” method (Snedecor, 1946) the difference between the first 
and second postswelling phases is significant to better than the 1% 
level. Where lactation occurred the “t” value is 3.503 and the re- 
quirement for the 1% level is 2.819. Where the baby was immediately 
taken from its mother or was stillborn the “t” value is 3.332' and the 
requirement for the 1% level is 2.787. A similar comparison of the 
postswelling phases directly before and after the menarche reveals no 
significant differences. 

The increase in size of the swelling of the sex skin in successive 
cycles in the adolescent and after parturition, especially when there 
has been a long period of lactation, may be duplicated in the castrate 
female after the institution of replacement therapy. If only estrogen 
is given the swelling is small although the tension of the sex skin may 
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deturgescence but much remains before the variation in delay of de- 
tumescence is explainable. In the details of the menarche the two spe- 
cies show some differences. In the chimpanzee repeated swelling and 
deturgescence occurs before the first menstrual flow while in some ba- 
boons the menarche is ushered in by an initial catemenia. Since we 
have data on only 17 chimpanzees the possibility exists that a bloody 
show may occasionally be the first external indication of beginning 
periodicity. The size of the sex skin swelling becomes increasingly 
larger during each of the first few cycles. This is also true of the initial 
swellings following parturition. During gestation the baboon also has 
rhythmical changes in the size of the sex skin swelling but the time 
relations are different. In the baboon the initial detergescence follow- 
ing a fertile mating is slowly replaced by a slight swelling whose full 
size is not attained until about the 90th day. In contrast the first 
changes in the sex skin following a fertile mating except for the lack 
of menstruation, duplicate those of the. normal cycle. In both time 
relations and size of the swelling there is initially no change from nor- 
mal. Another difference between the chimpanzee and the baboon is 
in the time that elapses between hormone withdrawal and menstrua- 
tion. In the baboon the interval between progesterone withdrawal 
and flow amounts to 2-5 days while for estrogen withdrawal the time 
is 10-15 days. By contrast in the chimpanzee the intervals between 
withdrawal and onset of flow are not noticeably different for proges- 
terone withdrawal and estrogen withdrawal. The significance of these 
species differences is obscure. 

CONCLUSIONS 

Menstruation does not necessarily indicate a quiescent ovary. In 
fact there may be an actively secreting follicle at such a time. 

There are probably considerable differences between the amounts 
of progesterone secreted in different cycles and in different animals. 

Estrogen therapy alone may not be sufficient to produce a maximal 
size swelling in the chimpanzee but only maximum turgidity. Com- 
plete duplication of sex skin alterations requires estrogen and proges- 
terone therapy. 

Under long continued progesten therapy the sex skin becomes un- 
responsive to progesterone and swellings will occur with threshold 
amounts of estrogen. We have termed this the progesterone “escape” 
phenomenon. 

The short postswelling phases in the adolescent and postpartum 
chimpanzee cannot be due to a deficiency in progesterone secretion 
alone. Another factor, probably inadequate estrogen secretion, seems 
to be involved. 
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STUDIES ON THE BIOASSAY OF HORMONES 

Skewed Response of the Chick Oviduct to 
Methoxy Bisdehydro Doisynolic 
Acid (MDDA) 1 

RALPH I. DORFMAN 

With the technical assista?ice of Adeline S. Dorfman. 

From the Departments of Biochemistry and Medicine, Western 
Reserve University School of Medicine and Lakeside Hospital 

CLEVELAND 6, OHIO 

In the course of our investigations on the role of vitamins in the 
action of estrogens on the chick oviduct it was observed that the re- 
sponses of the synthetic estrogen methoxy bisdehydro doisynolic 
acid (MDDA) were unique since the intragroup variation in White 
Leghorn chicks was extraordinarily great. This communication pre- 
sents the comparative oviduct responses to MDDA, estrone, estradiol 
benzoate, estradiol and stilbestrol in the White Leghorn chick and the 
oviduct responses to MDDA and stilbestrol on the Sex-linked chicks. 
It is the purpose of this paper to show that the skewed response of 
the oviduct occurs only for MDDA. 

ANIMALS, METHODS, MATERIAL 

The White Leghorn and Sex-linked pullets were obtained from Kerr 
Chickeries in Frenchtown, New Jersey. Treatment was begun on the fourth 
day of life and continued through the eighth day of life. The estrogens were 
dissolved in corn oil so that the total dose was contained in 0.5 c.c. of oil. 
The daily dose was contained in 0.1 c.c. of solution. Twenty-four hours after 
the last subcutaneous injection the animals were sacrificed with chloroform 
and body weight and oviduct weight was determined. All results are ex- 
pressed as 100 times the ratio of the oviduct weight in milligrams to the body 
weight in grams. 

The estrone, estradiol, estradiol benzoate, and methoxy bisdehydro 
doisynolic acid (MDDA) were generously supplied by Ciba Pharmaceutical 
Products, Inc. The stilbestrol was kindly supplied by Winthrop Chemical 
Co. 


EXPERIMENTAL 

The detailed data are presented in tables 1 and 2. Table 1 repre- 
sents the influence of various estrogens on the oviducts of the White 
Leghorn chick. The mean oviduct ratios are presented along with the 

Received for publication July 12, 1948. 

1 Supported in part by a grant from the Nutrition Foundation. 
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of from 52 to 117 or a factor of 2.3, while at 1600 micrograms the range 
was somewhat larger, 3.5. A range factor of 4.0 at 100 micrograms of 
estradiol benzoate and 3.2 at 400 micrograms of estradiol benzoate. 

The range factors for estrone were 2.6 and 4.4 respectively for total 
doses of 40 and 1280 micrograms. For stilbestrol similar magnitudes 
of variations were found. The range factor varied from 1.8 at 50 micro- 
grams to 5.6 at 200 micrograms. The mean range factor for the 
seven groups studies was 2.9. 

With MDDA the range in oviduct ratios in the White Leghorn 
appears to be significantly increased. If we consider all eighteen 
groups other than those treated with MDDA we find a mean range 
factor of 3.1. For MDDA at a dose of 100 micrograms a ratio range 
factor of 8.2 was found. At 400 micrograms in two different experi- 
ments range factors of 57.5 and 24.1 were found. At 800 micrograms 
the range factor was 31.0 while at the highest dose studied, 1600 
micrograms, the range factors of 67.5 and 39.9 were found. Over the 
dosage levels of 400, 800, and 1600 micrograms a mean range factor 
of 44 was found. 

Table 2 presents a series of experiments in which Sex-linked chicks 
were used. Here the intragroup ratio variation for stilbestrol treated 
chicks was similar to that found for the White Leghorns. The mean 
ratio range factor for the four dose levels studied was 2.3 for the Sex- 
linked groups while the men ratio range factor for the White Leg- 
horns was 2.9. 

When MDDA was administered subcutaneously to the Sex- 
linked chicks only one animal in all five groups showed an aberrant 
response. This response was found at 750 micrograms where one ani- 


Table 2. Response of Chick Oviduct to Estrogens 
(The estrogens were administered by subcutaneous injection 
to Sex-linked chicks.) 


Estrogen 

Total 

Concentra- 

tion 

Pg- 

Number 

of 

Chicks 

Oviduct Ratio 

Mean 
± S.E. 

Range 

Stilbestrol 

50 

23 

43+2 

37-57 

100 

20 

84+5 

45-135 

200 

20 

174 + 10 

89-326 

400 

17 

290+39 

57-603 

MDDA 

200 

28 

21 ± 1 

15-34 

400 

28 

22+ 1 

11-29 

750 

35 

34 ±10 

14-373 

1500 

35 

46+3 

17-100 

1600 

28 

38 ± 4 

21-120 
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Oviduct Ratio 

Fig. 1. Distribution of oviduct ratios of White Leghorn 
chicks treated only with the vehicle, corn oil. 

mal showed a ratio of 474 while the remaining 34 chicks in the group 
showed a ratio range from 14 to 104. At 750 micrograms the ratio 
range factor was 26.6. However, at the other four concentrations the 
variations were quite normal. The following range factors were found : 
at 200 micrograms, 2.3; at 400 micrograms 2.6; at 1500 micrograms 
5.9; at 1600 micrograms, 5.7. 

Figures 1 through 3 illustrate graphically the skewness of the 
oviduct response in White Leghorn chicks to MDDA as compared 
to that of control and estrone treated animals. 

DISCUSSION AND CONCLUSIONS 

It is apparent from the data that the response of the White Leg- 
horn chick oviduct to MDDA is unique. When Sex-linked chicks, a 
cross between Plymouth Rocks and Rhode Island Reds, were em- 
ployed the unusual skewed response was not found. The reason for 
the abnormal response of the White Leghorn chick oviduct to MDDA 



Fig. 2. Distribution of oviduct ratios of White Leghorn 
chicks treated with 1280 jig. of estrone. 
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group was given 50 gamma of growth hormone daily while each of those in 
the other group received 150 gamma daily. After 28 days of injection at this 
level, the daily dose was doubled for each group and- was continued at the 
higher level for 22 more days. Next, was a 23-day control period in which no 
injection was given. After the second control period growth hormone was 
again administered but at the original dose level. This was continued for 18 
days and then a final control period of 12 days was carried out. 

RESULTS AND COMMENT 

The data are presented graphically in Figs. 1 and 2 in which are 
shown the mean daily urinary nitrogen excretions, together with the 
daily standard deviations of the means. It will be seen that the initial 
administration of hormone at both the 50 and the 150 gamma dose 
levels produced nitrogen retention and body weight gain but that 

The Effect of Injection of Growth Hormone for Seven Weeks on 
Body Weight and Doily Urinary Nitrogen Excretion of Adult Female Rols 



Fig. 1. 


The Effect of Injection of Growth Hormone for Seven Weeks on 
Body Weight and Daily Urinary Nitrogen Excretion of Adult Femoie Rots 



Fig. 2. 
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EFFECTS OF PITUITARY ADRENOCORTICO- 
TROPIC HORMONE ON THE INTACT RAT, 
WITH SPECIAL REFERENCE TO CYTO- 
CHEMICAL CHANGES IN THE 
ADRENAL CORTEX 1 - 2 

GRACE E. BERGNER 3 - 4 and HELEN WENDLER DEANE 
From the Medical Clinic , Peter Bent Brigham Hospital, and the Departments 
of Medicine and Anatomy, Harvard Medical School 

BOSTON MASSACHUSETTS 

The availability of adequate quantities of pituitary adrenocorti- 
cotropic hormone provided the opportune for testing the hypothesis 
that, in the rat, the secretion of only the cortical “sugar” factors is 
under pituitary control (Swann, 1940; Sarason, 1943; Deane and 
Greep, 1946). Morphological evidence obtained thus far suggests that- 
these hormones (the 11-oxygenated corticosteriods) are secreted by 
the zona fasciculata of the adrenal cortex. This zone atrophies follow- 
ing hypophysectomy, but may be restored to normal by the adminis- 
tration of adrenocorticotropin (Simpson, Evans and Li, 1943). 
Furthermore, the zone enlarges and appears hyperactive when ani- 
mals with intact pituitaries are subjected to physiological demands for 
increased gluconeogenesis (Dalton, Mitchell, Jones and Peters, 1944; 
Deane and McKibbin, 1946). The salt-regulating hormones of the 
adrenal do not seem to be under pituitary control in the rat. Salt 
balance is not seriously disturbed following hypophysectomy. More- 
over, retention of sodium chloride does not follow the administration 
of adrenocorticotropin (Ingle, Li and Evans, 1946; Ingle, Prestrud, Li 
and Evans, 1947). Hormones of the salt-regulating type appear to bo 
secreted principally by the outermost zone of the cortex, the glomeru- 
losa. This zone atrophies and becomes inactive when desoxycortico- 
sterone acetate is administered over a prolonged period (Greep and 
Deane, 1947). On the other hand, the glomerulosa enlarges and ap- 
pears active in rats relatively deficient in sodium ; the latter alteration 
develops in hypophysectomized as well as intact rats (Deane, Shaw 
and Greep, 1948). 

Received for publication July 20, 194S. 
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Table 1. Composition of the Medium Carbohydrate Diet for Tube-Feeding the 
Rats on the Long-Term Experiment. The Animals Received 
24 cc of the Mixture Daily. 


Constituent 

Amount 

Casein (Vitamin Test, Chagrin Falls) 

160 

g 

Starch 

300 

g 

Dextrin 

150 

g 

Sucrose 

140 

g 

Cellu flour (Chicago Dietectic Supply Co.) 

120 

g 

Dried yeast (Anheuser-Busch) 

100 

g 

Salt mixture (Phillips and Hart IV) 

40 

g 

Vitamin K (Menadione, Merck) 

100 

mg 

Mazola oil 

200 

CC 

Cod liver oil 

10 

cc 

Wheat germ oil 

10 

cc 

Water, to make a total of 

2000 

cc 


then larger amounts, so that they attained the full amount of 12 cc per feed- 
ing 2 days before the beginning of injections. Two feedings were given a day, 
one at 8 : 30 am and one at 4 : 30 pm. The two feedings supplied about 7 g of 
available carbohydrate. Distilled water was provided ad libitum. 

Adrenocorticotropin sample #13-10-6 B was used for this experiment. 
The hormone was dissolved in a 1 per cent solution of sodium chloride at a 
concentration of 8 mg per cc. This solution was made up fresh daily and kept 
refrigerated. Subcutaneous injections of 0.5 cc were given to 13 of the rats at 
8-hour intervals, starting at 8 : 00 am on the first day of the experiment. The 
injections provided 12 mg hormone daily. For control purposes, 0.5 cc of a 1 
per cent solution of sodium chloride was given to each of the other 6 rats, on 
the same time schedule. Urine was collected every 48 hours. Four experi- 
mental and 2 control rats were killed on the 4th, 8th, and 12th days of the 
experiment, respectively, after fasting the previous 24 hours. 

Analytical methods 

At autopsy, the liver, the two adrenal glands and the thymus gland were 
carefully weighed. 

A piece of the right lobe of the liver was excised immediately for deter- 
mination of glycogen. For chemical analysis, the piece was placed in a tared 
vessel containing 30 per cent potassium hj'droxide, and the glycogen content 
was measured by a modification of the technique of Good, Kramer and 
Somogyi (1933). The Somogyi (1945) method was used for determining the 
reducing sugar after hydrolysis. In one experiment the quantity of glycogen 
in the liver was estimated visually in iiistochemical preparations. For this, 
the piece of liver was fixed in chilled picro-alcohol-formalin (Rossman's 
fluid), embedded in paraffin and sectioned at 5ju. Glycogen was visualized by 
the Bauer-Feulgen reaction (Bensley, 1939). 

. The right adrenal gland was macerated in a mixture of equal parts of 
acetone and alcohol for the determination of total steroid (“cholesterol”), 
according to the method of Sperry and Schoenheimer (Sperry, 1938). The 
left adrenal gland was fixed in a 10 per cent neutralized formalin solution for 
the cytocliemical identification of ketosteroids in the cortex. After 48 hours' 
fixation, the gland was washed in running water for an hour and then sec- 
tioned on a freezing microtome at 15p. One section was stained with Sudan 
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renal steroid for these rats are presented in Table 2. No difference 
between the two groups was observed except in chloride excretion, 
which was higher in the animals receiving pituitrin. 

The cytochemical preparations of the adrenal glands of both of 
these groups of rats resembled those of uninjected, fasted controls. 
All displayed the normal distribution of ketosteroids in the cortex 
(see Deane and Greep, 1946; Deane and Shaw, 1947 ; Greep and Deane 
1947). That is, sudanophilic droplets, which were autofluorescent and 
Schiff-positive and contained birefringent particles, were crowded in 


Table 2. Gross Anatomical and Chemical Data for the Control Rats. Fasted 
Rats Injected with 0.5 cc 1 Per Cent Sodium Chloride or 0.2S Units Pituitrin 
3 Times at 8-IIour Intervals and Killed 8 Hours After Last Injection 

(Total, 24 Hours) 


Treatment 


Total 

No. Wt., liver 
rats g glycogen, 
mg 


Urine 


N, 

mg 


Cl, 

mEq 


Thymus wt., 
mg/100 g 
b. wt. 


Adrenal glands 
wt., steroid, 
mg/100 g mg/100 
b. wt. mg gland 


Saline 2 237 8 87 .24 155 22.7 4.70 

Pituitrin 2 238 8 73 .62 212 21.3 4.70 


the cells of the zona glomerulosa, absent from a transitional zone 
between the glomerulosa and fasciculata, abundantly present in the 
outer fasciculata, and virtually absent from the juxtamedullary 
region (Figs. 4, 6 and 8). The birefringent particles in both the 
glomerulosa and outer fasciculata were characteristically mixed in 
size, some being fine and some coarse. 

It can be concluded from these chemical and cytochemical data 
that neither the injection of pituitrin in amounts comparable to that 
contaminating the adrenocorticotropin samples nor the injection of 
saline induced any significant alteration in the adrenal cortex.' With 
comparable amounts of posterior pituitary hormone, Sayers, Sayers, 
Fry, White and Long (1944) likewise failed to obtain adrenal hyper- 
trophy or a fall in adrenal "cholesterol.” The chloruetic effect of 
pituitrin may have accounted for the increased chloride excretion 
in the group of rats receiving this hormone. 

Effects of adrenocorticotropic hormone ( sample §2 IB) 

a. Four injections of 2.5 mg hormone. Ten mg adrenocorticotropin 
was administered to fasting rats in 4 equal doses of 2.5 mg every 6 
hours (0, 6, 12 and 18 hours). The animals were killed 6 hours after 
the last injection. The following changes from the control condition 
were observed. A considerable deposition of glycogen occurred in the 
liver (equivalent to more than 1000 mg per 100 g wet liver). Nitrogen 
and chloride excretion both increased. The weight of the paired adrenal 
glands increased, whereas total adrenal steroid decreased appreciably, 
as did thymus weight (Table 3). 
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lease of 11-oxygenated corticosteroids (Dougherty and White, 1945; 
Ingle and Thorn, 1941; Thorn, Engel and Lewis, 1941), although it is 
possible that some of the rise in chloride excretion may have resulted 
from the pituitrin contaminating the hormone product (Table 2). 
The changes noted simulate those resulting from a typical “alarm” 
reaction to physiological stress (Selye, 1946; Deane and Shaw, ,1947). 

In a recent review, Sayers and Sayers (1948) have indicated by 
diagrams that reduction of glomerulosal lipid follows adrenocortico- 
tropin administration or physiological stress. However, in the one 
photomicrograph presented (Fig. lb), thefasciculata appears exhausted 
of lipid, while the glomerulosa retains its full complement. No evi- 
dence was given for increased secretion of salt-regulating hormones. 

b. Four injections of smaller amounts of hormone. To obtain an 
indication of the amount of adrenocortieotropin required to produce 
adrenal stimulation and the associated metabolic changes, two groups 
of fasting rats were injected with doses smaller than 2.5 mg at 6-hour 
intervals (0, 6, 12 and 18 hours). The animals were lulled 6 hours after 
the last injection. These rats were smaller than in Exp. a, the first 
group weighing about 60 grams and the second 90 grams. For the 
first group, the amount of glycogen in the liver was estimated visually 
in preparations stained by the Bauer-Feulgen technique. 

In the rats weighing 60 grams (Table 4A), adrenal weight in- 
creased with as little as 0.63 mg hormone per injection (total, 2.5 mg). 


Table 4. Gross Anatomical and Histochemical Data for Fasted Rats Receiving 
Different Doses of Adrenocorticotropin 4 Times at 6-Hour Intervals. 
Animals Killed 6 Houns After the Last Injection (Total, 24 Hours). 





A. 






Liver 

Thymus wt., 
mg/100 g 
b. wt 

Adrenal 

Treatment 

No. 

rats 

Wt„ 

• g 

glycogen* 

(visual 

glands wt., 
mg/100 g 




judgment) 

b. wt 

None 

1 

75 

+ 

253 

22.6 

Saline, 0.5 ce 

1 

66 

4- 

260 

24.7 

Hormone, 0.63 mg 

1 

62 

+ 

258 

30.6 

Hormone, 1.25 mg 

1 

64 

+ 

225 

30.3 

Hormone, 2.5 mg 

1 

5S 

+ + + 

131 

31.2 




B. 



Treatment 

No. 

rats 

Wt., 

g 

Thymus wt., 
mg/100 g 
b. wt. 

Adrenal glands 
wt., steroid 

mg/100 g mg/100 




b. wt. 

mg. gland 

Saline, 0.25 cc 

3 

89 

345 

32.6 

2.92 

Hormone, 0.6 mg 

3 

86 

319 

35.5 - 

2.20 

Hormone, 1.25 mg 

3 

92 

304 

30.5 

1.76 

Hormone, 1.9 mg 

3 

8S 

296 

35.0 

1.54 

Hormone, 2.4 mg 

3 

81 

2S8 

37.5 

0.94 


* Liver glycogen was evaluated on a basis of 0— 1+. + indicates that only scattered cells contained glyco- 
gen; 4- + + indicates that considerable glycogen was present in the central part of tho lobule. 
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Table 5. Gross Anatomical and Chemical Data fob Fasted Rats Receiving 
a Total of 10 mg Adrenocorticotropin in 1, 2, 3 or 4 Injections and Killed 
6 Hours After the Final Injection (Total Starvation, 24 Hours). 


Treatment 

No. 

rats 

wt., 

g 

Total 

liver 

glycogen, 

mg 

Thymus 

wt., 

mg/100 g 
b. wt. 

Adrenal glands 
wt., steroid, 

mg/100 g mg/100 
b. wt. mg gland 

None 

2 

217 

19 

162 

17.3 

3.33 

1 inj. (10 mg) 

2 

269 

10 

92 

13.7 


2 inj. (5 mg) 

2 

241 

27 

129 

17.3 

- 1.52 

3 inj. (3.3 mg) 

2 

234 

50 



1 .72 

4 inj. (2.5 mg) 

2 

247 

121 

52 




A study of the cytocliemicarpreparations of these adrenal cortices 
revealed the following changes in the zona fasciculata. The adrenals 
of animals receiving individual injections larger than 3.3 mg were 


Explanation of Plate 1 

All photomicrographs arc of rat adrenal glands that were fixed in 10 per cent neu- 
tralized formalin for over 2 days, washed thoroughly and sectioned at 15 d on the freez- 
ing microtome. The borders of the cortex have been drawn in on the photographs of 
birefringence preparations. All figures on this plate X90. 

Figs. 4-7. Experiment a, in which fasting rats received 10 mg adrenocorticotropin 
in 4 divided doses at 6-hour intervals. Animals killed at end of 24 hours. 

Fig. 4. Control rat, 4 injections of 0.5 cc saline. Sudan IV and hematoxylin. Sudan- 
opliilic droplets are densely packed in the cells of the zona glomerulosa and the outer 
fasciculata, with a lipid-poor transitional zone between. Relatively little lipid occurs in 
the j'uxtamedullary region. 

Fig. 5. Experimental rat, 4 injections of 2.5 mg hormone. Sudan IV and hematoxylin. 
The fasciculata is considerably broader than in Fig. 1. The glomerulosa contains the 
usual complement of lipid. The transitional zone is broadened. Lipid has entirely dis- 
appeared from the inner fasciculata and is less uniformly distributed in the outer fascic- 
ulata. The cells of the fasciculata appear considerably swollen in comparison to normal, 
and many display watery vacuoles. 

Fig. 6. Control rat, uninjected. Birefringence preparation. A mixture of line and 
coarse birefringent particles occurs in the glomerulosa and in' the outer three.-quarters 
of the fasciculata. 

Fig. 7. Experimental rat, 4 injections of 2.5 mg hormone. Birefringence preparation. 
The fasciculata appears broadened. The birefringent particles in the glomerulosa are 
unaltered, while those in the fasciculata are sparser, finer and duller than in Fig. 6. 

Figs. S and 9. Experiment b, in which fasting small rats were injected with 10 mg 
adrenocorticotropin or less in 4 divided doses at 6-hour intervals. Animals killed at end 
of 24 hours. Birefringence preparations. 

Fig. S. Control rat, uninjected. Birefringent material occurs in the glomerulosa 
and throughout the fasciculata. 

Fig. 9. Experimental rat, 4 injections of 2.5 mg hormone. The glomerulosa is un- 
affected. All birefringent material has .disappeared from the fasciculata. More pro- 
nounced depletion than in a larger animal receiving same dose (Fig. 7). 

Fig. 10. Experiment c, in which fasting rats received a total of 10 mg. adrenocorti- 
cotropin in varying number of injections. Rat receiving 10 mg in 1 injection and killed 
6 hours later. Birefringence preparation. The transitional zone appears much broader 
than in Fig.- 6. The fasciculata is broad; fine birefringent material has disappeared en- 
tirely; and all birefringent material has gone from the inner portion. 

Fig. 11. Experiment d, in which fasting rats received 2.5 mg adrenocorticotropin 
for a different number of times. Rat receiving 3 doses (total 7.5 mg) and killed IS hours 
after the first. Birefringence preparation. The glomerulosa retains its birefringent mat- 
erial. Only sparse, small particles remain in the fasciculata. Less material- present 
than with treatment for 24 hours (Fig. 7). 
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Table 6. Gross Anatomical and Chemical Data for Fasted Rats Receiving 
2.5 mg Adrenocorticotropin 1, 2, 3, and 4 Times and Killed 6 Hours After 
the Last Injection (Total Starvation, 24 Hours). 


Treatment 

No. 

rats 

wt., 

g 

Total 

liver 

glycogen, 

mg 

Thymus wt., 
mg/ 100 g 
b. wt. 

Adrenal glands 
wt., steroid, 

mg/ 100 g mg,/ 100 

b. wt. mg gland 

None 

2 

194 

26 

162 

20.9 

3.20 

1 inj. 

2 

211 

5S 

183 

20.4 

2.61 

2 inj. 

2 

200 

40 

114 

20.7 

2.09 

3 inj. 

2 

197 

44 

68 

23.8 

2.3S 

4 inj. 

2 

194 

119 

117 

22.3 

2.89 


tortion of the adrenal cortex. However, a decline in the ketosteroid 
content of the zona fasciculata developed, appearing most extreme at 
18 hours (Fig. 11). 

These two experiments (c and d) therefore appear to corroborate 
the conclusions drawn from Exp. b. That is, the immediate effect of 
the adrenocorticotropin was to cause a release of steroid material from 
the cortex (6 hours). Subsequently, the adrenal enlarged, but mean- 
while adrenal steroids were returning to normal levels. These results 
bear out the conclusions of Sayers, Sayers, Fry, White and Long 
(1944), who observed that steroid release preceded adrenal hyper- 
trophy with hormone administration. Furthermore, in that paper and 
in later ones (Sayers, Sayers, Liang and Long, 1945 and 1946; Sayers 
and Sayers, 1948), these investigators have stressed the initial drop 
and subsequent recovery in steroid content of the adrenal under con- 
tinued treatment with adrenocorticotropin. Previously, Selye (review, 
1946) described the early drop and secondaiy recovery of sudan ophilic 
lipid in the cortex during the “alarm” reaction to physiological stress. 
Most probably such observations indicate that the initial effect of 
adrenocorticotropin on the adrenal is to cause the immediate release 
of stored hormone. Thereafter the cells enlarge and begin to from 
ketosteroids more rapidly than usual so that, while continuing to 
release hormone at a high rate, the} r replace their cytoplasmic stores. 
The initial depletion, which Selye terms the “alarm” reaction, appears 
to take only 12 to 18 hours. Partial recovery is already apparent by 
the end of 24 hours. 

It should be noted that significant deposition of glycogen in the 
liver required 18 to 24 hours, although some release of adrenal hor- 
mones had apparently already occurred at 6 hours. Such a lag between 
hormone release and metabolic effect suggests that a considerable 
period is necessary to raise the amount of carbohydrate in the blood to 
such a degree that glycogen deposition is increased in the liver. On 
the other hand, a much shorter time (6 hours) is necessary to cause 
lympholysis and the resulting thymus involution. This latter observa- 
tion tallies with the results of Dougherty and White (1945) on mice 
and rabbits. 
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the hormone-treated animals lost more weight than their saline- 
injected controls (Table 7). 

Urine was collected for analysis every 48 hours during the 12 days 
of the experiment. The excretion of sodium, potassium and chloride 
was essentially the same in the hormone-treated and control rats 
(Fig. 2). With either treatment the excretion of all these electrolytes 
fell somewhat after 6 days. Also, in both the experimental and control 


□ saline 


SOD'UM 

MEO/D 


POTASSIUM 

MEO/D 


CHLORIDE 

•'EQ.'D 



DAYS 

NO OF RATS 


3+4 
9 5 


Fig. 2. Mean urinary excretion of sodium, potassium and chloride by rats injected 
for up to 12 days with adrenocorticotropin or with saline. Both groups excreted these 
electrolytes in about the same quantity. 

animals, the excretion of phosphorus (phosphate) was similar and, 
unlike that of other electrolytes, remained constant throughout the 
experimental period at about 10 mg per day. 

In contrast to the similar excretion of electrolytes in the hormone- 
treated and control animals, excretion of nitrogen was consistently 
greater by the rats receiving adrenocorticotropin. The experimental 
rats excreted 259 mg daily on the average, the controls 201 (Fig. 3). 
Furthermore, glycosuria occurred in the hormone-treated rats for the 
first 2 days of injection, but not in the controls. 

Groups of hormone-injected and saline-injected rats were killed 
on the mornings of the 4th, 8th and 12th days, after a 24-hour fast. In 


'-'AV 


HAT 


Treatment 


* 


§?line 

hormone 

^linc 

hormone 

Saline 

hormone 


«*“'“■ »& „ 4*'»--"«fa»* 

— g riJ°« ^S/lOOp; steroi 

_ ■"*• b. m. *»«/!< 

r 3 ffrou P 

6.° JS4 

lr~* " 6 s 

„/•! >*> „ 3.SS 

tV™* 105 Hi 

5.9 1 55 4.7ft 


,. ° . y -^0.4 O 

the rate, ~~~~ — - 5.9 155 4 

■ftently 7mJn hg ^enoZ^^ — If J 4. 

% «e<r ian< 3 experin, Sh > ln ttonJ , al "'i 

£"* - r _ Pmm ^nin 5?S «* 




0Ay s 

"° Of rats 


ndr onSo 5fiE? an «ri 

gon °ac/, d :> < 





256 


BERGNER AND DEANE 


Volume 43 


or higher than the control values obtained in the short-term experi- 
ments (see Tables 2-6). 

The cytochemical preparations of the adrenal glands of these 
animals revealed minor but consistent differences between the ani- 
mals receiving hormone and those receiving saline. The cortices were 
invariably wider in the rats receiving hormone; this enlargement was 
attributable to a greater broadening of the fasciculata (Plate 2). 
Throughout the 12-day period, ketosteroids were abundant in the 
fasciculata of the control animals (Figs. 12, 14, 16 and IS). For the 
first 8 days, they were likewise abundant in the cortices of the rats 
receiving hormone (Figs. 13, 15 and 17). It is perhaps noteworthy 
that the distribution was more uniform in the glands of experimental 
animals — that is, more ketosteroid was present in the inner fasciculata 
than in the corresponding control glands (compare Figs. 16 and 17). 
By 12 days, however, lipid had almost entirely disappeared from the 
inner fasciculata in the hormone-treated animals and was sparser 
peripherally (Fig. 19). This depletion was seen in all types of prepar- 
ations. 

Two other observations bear comment. In all of these glands, 
whether from control or experimental animals, the lipid-free transi- 
tional zone between the glomerulosa and fasciculata was absent. 
Secondly, the cords of parenchymal cells were more conspicuously 
distorted in the juxtamedullary region (zona reticularis) (Figs. 17 and 
19) than in normal glands of rats of this size (Fig. 4). 

The chemical, morphological and cytochemical results together 
point to the fact that all the animals, whether receiving saline solution 
or hormone, experienced some adrenal stimulation. This was to be 
expected, since tube-feeding, mild inanition and the injections of 
themselves would be somewhat “alarming.” Thus, the adrenals of all 
of the animals were larger and the thymuses smaller than normal for 
animals of 200 g body weight. The transitional zone had disappeared 
in all cases, a phenomenon which has been noted previously with 
physiological stress (Dalton et ah, 1944). Moreover, the adrenal 
cortices of the control rats and of the experimental rats for the first S 
days of the experiment contained more than the normal complement 
of lipid droplets. Selye (1946) has termed the phase of increased lipid 
content in the cortex the “resistance” stage of the adaptation syn- 
drome. That is, the adrenals had recovered from the initial depletion 
which characterizes the “alarm” reaction, described for the short- 
term experiments, and under continued stimulation, were forming 
more than the usual amount of hormone. More hormone was being 
stored than released so that an accumulation resulted. 

Nevertheless, the smaller thymuses, the greater nitrogen excretion 
and the transitory glycosuria in the experimental rats signified a far 
greater release of “sugar” hormones than in thesaline-injected controls. 
Finally, by 12 days the steroid content of the adrenals of the hormone- 
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retention does not follow the administration of hormone. Indeed, 
excretion is increased for the first day or so. Nor have we observed 
cytological signs of increased secretory activity by the zona glomer- 
ulosa, which probably secretes the salt-retaining hormones. These 
observations are compatible with earlier studes which indicated that 
the glomerulosa is independent of pituitary control in the rat (Deane 
and Greep, 1946; Greep and Deane, 1947; Deane, Shaw and Greep, 
1948). In man, on the other hand, the administration of adreno- 
corticotropin^has generally been found to cause marked salt retention 
following an initial period of increased excretion (Forsham et al., 
1948; Conn et al., 1948; Bartter, 1948). Some of the trials on humans 
were performed on individuals suffering from hypopituitarism, but 
the same effect, though less marked, was demonstrated in normal 
subjects. However, Mason and coworkers (1948), using a different 
hormone preparation, failed to obtain this result in the one normal 
young woman whom they studied. All in all, there appears to be 
strong indication that adrenocorticotropin stimulates the release of 
salt-retaining hormones in man. If this is true, a species difference 
appears to exist in the response to adrenocorticotropin. In man the 
hormone stimulates the secretion of both “salt” and “sugar” hor- 
mones, whereas in the rat it induces only the release of the latter 
type. 

Increased excretion of chloride by our rats during the first 24 hours 
of adrenocorticotropin administration (Table 3) may possibly have 
been caused, not by the increased amounts of circulating 11-oxygen- 
ated hormones, but by the posterior pituitary factors contaminating 
the Armour product, since control animals receiving pituitrin alone 
excreted more chloride than animals injected with saline (Table 2). 
However, Ingle and coworkers (1946, 1947) also obtained a temporary 
rise in sodium chloride excretion, and they were us;ing Li’s product 
(Li, Evans and Simpson, 1943), which is pure as tested in the Tiselius 
apparatus. 

No rise in potassium excretion followed hormone administration 
in our experiments. Ingle et al. (1946, 1947) obtained a significant and 
consistent increase. Under the conditions of the Ingle experiments, 
however, the rats were actually losing weight, whereas our animals 
were gaining, though slowly. Since potassium is released during tissue 
breakdown, perhaps the difference in the proportion of protein anab- 
olism to catabolism -would account for the discrepancy between the 
results of Ingle and ourselves. Forsham et al. (1948) found that 
adrenocorticotropin induces only a transitory rise in potassium ex- 
cretion in man. Further experimentation is required to elucidate this 
problem of potassium excretion in the two species. 

SUMMARY AND CONCLUSIONS 

Fasting male rats were injected with 10 mg adrenocorticotropin • 
(Armour sample #21B) over periods of 24 hours or less. Within 6 hours 
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registered on automatic work recorders. Each recorder revolution represented 
approximately 400-gram centimeters of work. 

Solutions of glucose (C. P. Dextrose, Merck) with and without beef 
adrenal extract (Upjohn) were infused into the jugular vein at a constant 
rate by means of a continuous injection machine which delivered fluid from 
each of 12 syringes at the rate of 20 cc. in 24 hours. The glucose load is ex- 
pressed as mg. of glucose per 100 grams of rat per hour (mg/100/h). The 
adrenal cortex extract (ACE) was free from alcohol and was given at the 
rate of 20 cc. per 24 hours. This amount was selected because it has been 
estimated (Ingle, Li and Evans, 1946) that the adrenal cortices of an intact 
rat can secrete the activity equivalent of at least 20 cc. of ACE under stimu- 
lation of adrenocorticotrophic hormone. 

Analyses of glucose were made on tail blood by the method of Miller and 
Van Sfyke (1936). 


EXPERIMENTS AND RESULTS 

Experiment 1 was a study of the glucose tolerance and work per- 
formance of nephrectomized rats and adrenalectomized-nephreeto- 
mized rats. The following glucose loads were studied in this experiment : 
20, 40, 85, 125, 150, 175, and 200/100/h. The following experimental 
conditions with 6 rats each were represented at each glucose load: 
adrenalectomized-nephrectomized without treatment; adrenalecto- 
mized-nephrectomized given saline only; adrenalectomized-nephrec- 
tomized given glucose only; adrenalectomized-nephrectomized given 
glucose in 20 cc. of adrenal cortex extract; adrenalectomized-nephrec- 
tomized given adrenal cortex extract in saline; nephrectomized given 
saline; and nephrectomized given glucose. The muscle was stimulated 
until it ceased to respond, or for 24 hours. Analyses were made for 
blood glucose at the end of 6 hours of stimulation and again at the end 
of 24 hours in those rats which survived. Figure 1 shows the rate of 
work and the level of blood glucose at the end of 6 hours in relation- 
ship to the experimental conditions and the glucose load. Figure 2 
shows the total amount of work for each group and the level of blood 
glucose and rate of work at the end of 24 hours in those animals which 
survived. In each figure the data from the animals not given glucose 
which served as controls at each glucose load are averaged together 
according to the experimental condition represented. 

The intravenous administration of glucose to adrenalectomized- 
nephrectomized rats without ACE did not improve the work per- 
formance above the very low level shown by the untreated animals. 
This was true even when the glucose loads were sufficiently large to 
prevent a fall in blood glucose. Similarly there was no clearly estab- 
lished tendency for the administration of glucose to improve the per- 
formance of the ACE-treated animals. At glucose loads of 175 and 
200/100/h the performance of the ACE-treated rats was poor. The 
performance of the animals having intact adrenal glands was increased 
in proportion to the glucose load. Within a period of 6 hours the adre- 
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nalectomized-nephrectomized rats without ACE showed significantly 
lower levels of blood glucose at each glucose load than did the animals 
having the adrenal glands intact. The values for blood glucose were 
increased by the administration of ACE but did not rise to the levels 
shown by the non-adrenalectomized animals at comparable glucose 
loads even during 24 hours. 

Experiment 2 was a study of the glucose tolerance and work per- 
formance of sham-operated and adrenalectomized rats. Glucose loads 
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Fig. 1. Nephrectomizcd rats. Effect of adrenalectomy upon work and blood glucose 
at the end of G hours ns related to glucose load. Each average for groups given glucose 
represents G rats. Each average for pooled groups not given glucose represents 35 rnLs. 


of 100, 150, and 200/100/h were used. The following experimental 
conditions with G rats each were represented at each glucose load: 
adrenalectomized without infusion; adrenalectomized given saline; 
and adrenalectomized given glucose in saline. Eleven sham-operated 
rats were run in parallel with the adrenalectomized animals. Stim- 
ulation was continued until the muscle ceased to respond. Some of the 
adrenalectomized rats "fatigued” within 24 hours and all collapsed 
and died within 4S hours. In contrast, the sham-operated rats contin- 
ued to work for periods of 120 to 1GS hours. Although hj'poglycemia 
was prevented by glucose loads of 150 and 200/100/h, the work per- 
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Table 1. Total Amounts of Work (Recorder Revolutions) Performed by 
Adrenalectomized and Sham-Operated Rats. Averages and Range 


Experimental Condition 
& Treatment 

Number 
of Rats 

Total Work 

sham-operated 

11 

152181 

saline only 


(111863-180262) 

adrenalectomized 

IS 

20617 

no infusion 


(11785-38383) 

adrenalectomized 

18 

23798 

saline only 


(15136-37902) 

adrenalectomized 

6 

26425 

glucose (100/100/h)* 


(17586-35237) • 

adrenalectomized 

6 

16750 

glucose (150/100/h)* 


(13728-21712) 

adrenalectomized 

6 

13022 

glucose (200/100/h)* 


(10699-16360) 


* Glucose loads of 100 and 150/100 /h failed to prevent a fall in blood glucose during the period that the 
animals continued to work but with a glucose load of 200/100/h the average level of blood glucose was 140 mg. 
per cent at 6 hours and 367 at 24 hours. 


formance of these groups was depressed below the performance of rats 
treated with 100/100/h or with saline only. The rats having intact 
adrenal glands performed several times as much work as the adrenal- 
ectomized animals. The data on total work are summarized in Table 1. 

Experiment 3 was a study of the effect of glucose in water and of 
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glucose in saline upon the work performance of adrenalectomized- 
nephrectomized rats. Glucose'loads of 100, 200 and 250/100/h were 
used. Six rats were represented in each experimental group. There was 
a tendency for those animals which received intravenous infusions of 
glucose in saline to work better than rats which received glucose in 
water but the differences were small and the work performance of all 
of the animals remained very poor as compared to the performance of 
similar rats treated with ACE or having intact adrenal glands. The 
data are summarized in Table 2. 

In Experiment 4 the levels of blood glucose and work performance 
were noted at 2-hour intervals in 6 pairs of adrenalectomized-nephrec- 

Table 2. A Comparison of the Effect of Infusions of Glucose in Water and 
Glucose in Saline Upon the Blood Glucose and Work Performance of 
Aduenalectomized-Nephhectomized Rats.* Averages and Range of 
Individual Values. Six Rats per Group 


Glucose load 
mg./100/h 

6 hour blood glucose 
mg. per cent 

6 hour work rate 
rev. per min. 

Total work recorder 
revolutions 

Water 

Saline 

Water 

Saline 

Water 

Saline 

100 

50 

59 

12 

22 

9786 

14001 


(39-59) 

(50-71) 

(8-25) 

(16-28) 

(7853- 

13017) 

(11296- 

16232) 

200 

123 

121 

7 

11 

8758 

9940 


(71-254) 

(71-200) 

(2-12) 

(8-20) 

(7805- 

9916) 

(7502- 

11427) 

250 

127 

109 

4 

' 4 

8550 

9545 


( 09-25 1) 

(72-227) 

(0-20) 

(0-12) 

(6776- 

12421) 

(7519- 

1257S) 


* Each average is based upon 6 animals. 


tomized rats and nephrectomized rats. Fourteen hours was the longest 
time that all of the adrenalectomized-nephrectomized rats lived. 
At a glucose load of 100/100/h the blood glucose of the non-adrenal- 
ectomized rats increased above the initial values and remained ele- 
vated. The rate of work was well sustained. In contrast, the blood 
glucose of the adrenalectomized-nephrectomized animals decreased 
rapidly to hypoglycemic levels and remained low until death. The 
rate of work also declined rapidly and by S hours all of the adrenalec- 
tomized-nephrectomized rats were in collapse. These data are sum- 
marized in Figure 3. 

Six pairs of adrenalectomized-nephrectomized and nephrectomized 
rats were given a glucose load of 200/100/ h for 14 hours. The blood 
glucose of the non-adrenalectomized animals increased rapidly to 
hyperglycemic levels during the first 4 hours and then showed some 
decrease. The rate of work was well sustained in these animals. The 
blood glucose of the adrenalectomized rats showed a smaller initial 
rise than that of their controls, followed by a fall to normal values, 
but by the 12th and 14th hours the blood glucose had increased to 
values much higher than in the non-adrenalectomized series. The rate 
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of work decreased rapidly so that muscular responsiveness was lost 
in all of the adrenalectomized animals by 8 hours. These data are 
summarized in Figure 4. 

In Experiment 5 the levels of blood glucose and work performance 
were determined at 4-hour intervals in adrenalectomized and in sham- 
operated rats. Twenty hours was the longest period of time that all of 
the adrenalectomized rats survived. Six pairs of rats were given a 
glucose load of 100/100/h. The blood glucose of the non-adrenalecto- 



2 4 6 8 10 12 14 

HOURS 


Fig. 3. Work performance and blood glucose level in nephrectomized and adrcnalecto- 
mized-nephrectomized rats given a glucose load of 100/100/h. Six rats per group. 


mized rats increased above the initial values and remained elevated. 
The rate of work decreased only a little during 20 hours. The adrenal- 
ectomized rats showed some fall in blood glucose during the first 12 
hours and thereafter a rise which almost reached the level of the non- 
adrenalectomized animals at 20 hours. The work output of the ad- 
renalectomized rats fell to a low level by 12 hours. These data are 
shown in Figure 5. 

Six pairs of adrenalectomized and sham-operated rats were given 
a glucose load of 200/100/h for 20 hours. The non-adrenalectomized 
animals developed a mild hyperglycemia and the rate of work fell 
only a little during 20 hours. The blood glucose of the adrenalecto- 
mized animals showed a smaller initial rise than their controls but by 
the 16th and 20th hour the blood glucose increased to much higher 
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values than in the sham-operated controls. The rate of work fell 
rapidlj 7 and by 12 hours all of the animals were either collapsed or 
near collapse. These data are summarized in Figure 6. 

DISCUSSION 

The data of these experiments show that the continuous intrave- 
nous administration of glucose to the adrenalectomized rat does not 



Fio. 4. Work performance and blood glucose level in nephrectomized and adrenalecto- 
mizcd-nephroctomizcd rats given a glucose load of 200/100/h. Six rats per group. 

significantly improve work performance. This result was not antic- 
ipated since Ingle and Lukens (1941) found that a single intravenous 
injection of a solution of glucose in the “fatigued” adrenalectomized 
rat gave a temporary improvement in rate of work which was sig- 
nificant^ 7 greater than was obtained with osmotically equivalent 
solutions of sucrose and of sodium chloride. We have consistently con- 
firmed this finding of Ingle and Lukens. It is possible that the hypo- 
glycemia of the "fatigued” adrenalectomized rat is a critical factor in 
limiting work output but when hypoglycemia is prevented, failures of 
other physiological systems continue to limit muscular responsive- 
ness. 

Kendall ct al. (193S) infused adrenalectomized dogs with solutions 
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of glucose at the rate of 100/100/h for 3 hours. These animals tolerated 
the glucose as well as normal dogs but developed anuria when glucose 
alone was given. When either adrenal cortex extract or 0.9 per cent 
sodium chloride was added to the solution of glucose a mild diuresis 
developed. When the injections were stopped the adrenalectomized 
dogs without treatment developed weakness and prostration. It was 
concluded that sodium chloride was the full equivalent of adrenal 
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Fig. 5. Work performance and blood glucose level in sham-operated and adrenalecto- 
mized rats given a glucose load of 100/100/h. Six rats per group. 


cortex extract for maintaining normal resistance to the injection of 
glucose. In the present study the addition of 0.9 per cent sodium 
chloride to the solution of glucose improved the work performance to 
a very small extent (Table 2). 

During the time that the adrenalectomized rats continued to 
work, their tolerance for intravenously administered glucose was 
greater than that of adrenalectomized animals treated with ACE or of 
animals having their adrenal glands intact. These data suggest that 
there was no impairment of the ability of the adrenalectomized rats 
to utilize glucose during the time that the animal continued to work. 
A full appraisal of the extent of utilization would require a determi- 
nation of the fate of the exogenously administered glucose, of the extent 
of gluconeogenesis and of shifts in carbohydrate stores. We do not 
have this information. 
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The results of Experiments 4 and 5 (Figures 3, 4, 5 and 6) illustrate 
two dimensions of metabolic problems: (1) The time-response re- 
lationship, and (2) The load-response relationship. The adrenalec- 
tomized animal not given glucose or given a small load of glucose 
generally manifest hypoglycemia at any time after the onset of 
adrenal cortical insufficiency and up to the time of death. In Experi- 
ment 4 the adrenaleetomized-nephrectomized rats given a glucose load 
of 100/100/h developed hypoglj r cemia which continued until death 



4 8 12 16 20 

HOURS 

Fig. 6. Work performance and blood glucose level in sham-operated and ndrenalecto- 
mized rats given a glucose load of 200/100. Six rats per group. 

while the non-adrenalectomized-nephrectomized rats showed a rise 
in blood glucose. When the load was increased to 200/100/h the ad- 
renalcctomized animals showed lower values for blood glucose during 
the time that they continued to work but as muscular responsiveness 
was lost and as the animals approached death the level of blood 
glucose rose sharply above that of the non-adrenalectomized animals. 
Similar findings were noted in Experiment 5. Ingle and Nezamis 
(194S) have made related observations on adrenalectomized and non- 
adrenalectomized eviscerated rats given continuous intravenous 
infusions of glucose for 24 hours. During the early hours after op- 
eration the blood glucose values were lower in the adrenalectomized 
series at each glucose load, and at the end of 24 hours the adrenal- 
cctomizcd animals which received small glucose loads had lower values 
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for blood glucose but at high glucose loads the order of tolerance was 
reversed. 

There is evidence that the adrenal cortical hormones inhibit the 
utilization of carbohydrate and that the adrenally insufficient animal 
utilizes increased amounts of carbohydrate. How can hormones which 
seem to inhibit the utilization of carbohydrate sustain an optimal 
ability to work? It may be possible to rationalize the relationship as 
follows: The C-ll, oxygenated steroids of the adrenal cortex may 
spare the oxidation of carbohydrate under basal conditions or at 
moderate rates of energy output. These hormones may sustain or 
stimulate the ability of the animal to mobilize protein and fat for 
energy purposes. The proneness of the adrenally insufficient animal to 
develop hypoglycemia may be due in part to an inability to mobilize 
and utilize fat and protein for energy purposes to a normal extent. 
Physiological amounts of the cortical hormones probably do not limit 
the ability of the animal to attain a peak of carbohydrate oxidation at 
high and continued levels of energy output. 

The administration of adrenal cortex extract intravenously at the 
rate of 20 cc. in 24 hours did not sustain the ability to work as well as 
intact adrenal glands. In our experience we have never been able to 
sustain a completely normal ability to work by means of adrenal 
cortex extracts or steroids. It is possible that the absence of the adre- 
nal medulla is of physiological importance not only from the standpoint 
of work performance but of glucose tolerance. 

If the fatigability of the adrenalectomized rat is not due to lack of 
available carbohydrate and if there is no inability to assimilate glucose 
from the blood during the time that the muscle is failing, what is the 
basis for loss of muscular responsiveness in the adrenally insufficient 
animal? The early studies of Hales, Haslerud and Ingle (1935) led 
to the conclusion that the “fatigued” adrenalectomized rat under 
these conditions is in circulatory collapse. Ingle and Lukens (1941) 
also recognized circulatory failure as a factor in “fatigue.” Our obser- 
vations indicate that the collapse represents low blood pressure and 
a greatlj r reduced blood flow. It seems probable that there is some fail- 
ure in energy exchange basic to this type of circulatory collapse 
(Swingle and Remington, 1944). No investigator has probed deeply 
into these problems. The findings of the present study do rule out the 
very simple explanation for “fatigue” as due solely to lack of glucose. 

SUMMARY 

A study was made of the effect of continuous intravenous infusions 
of glucose upon the abilitj r of adrenalectomized rats to respond to the 
faradic stimulation of the gastrocnemius muscle. Different loads of 
glucose were administered to nephrectomized and to adrenalec- 
tomized-nephrectomized rats with and without adrenal cortex extract 
(ACE). Glucose without ACE did not improve work performance 
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above the very low level shown by untreated animals even when 
hypoglyemia was prevented. Similar results were obtained on adrenal- 
ectomized rats having the kidneys intact. During the time that adre- 
.. nalectomized or adrenalectomized-nephrectomized rats continued to 
work the blood glucose values remained lower than for non-adrenalec- 
tomized rats at each glucose load. At a high glucose load (200/100/h) 
the adrenally insufficient animals showed lower blood glucose values 
until muscular responsiveness was lost, whereupon the blood glucose 
curve rose rapidly to values much higher than were shown bj r the 
non-adrenalectomized controls. 

Although exhaustion of available carbohydrate may be one factor 
limiting the work performance of the adrenally insufficient rat, the 
prevention of hypoglycemia by the intravenous administration of 
glucose does not sustain the responsiveness of stimulated muscle in 
these animals. 
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ASSOCIATION NOTICE 

POSTGRADUATE COURSE IN ENDOCRINOLOGY 

A postgraduate course in Endocrinology, sponsored by the Association 
for the Study of Internal Secretions, will be held at the Skirvin Hotel in 
Oklahoma City, Februarj' 21-26, 1949. 

The faculty will consist of outstanding clinical and research endocrinol- 
ogists of the United States and Canada. The program will consist of clinics 
and demonstrations and will be a practical one of equal interest to those in 
general medicine and the specialists. 

The fee will be $100 for the entire course and applications will be accepted 
in the order received. Applications should be directed to Henry H. Turner, 
M. D., Secretary-Treasurer, 1200 North Walker, Oklahoma City, Oklahoma. 

ASSOCIATION AWARDS FOR 1949 

THE E. R. SQUIBB AND SONS AWARD 

The E. R. Squibb & Sons Award of $1,000.00 was established in 1939, 
and was given first in 1940 to Dr. George W. Corner; 1941 — Dr. Philip E. 
Smith; 1942 — Dr. Fred C. Koch; 1943 — no award was given; 1944 — Dr. E. 
A. Doisy; 1945— Dr. E. C. Kendall; 1946— Dr. Carl G. Hartman; 1947— 
Drs. Carl F. and Gerty T. Cori; 1948 — Dr. Fuller Albright. A special com- 
mittee of five members of the Association chooses an investigator or in- 
vestigators in the United States or Canada for one of the best contributions 
to endocrinology. 


THE CIBA AWARD 

The Ciba Award to recognize the meritorious accomplishment of an in- 
vestigator not more than 35 years of age in the field of endocrinology was 
established in 1942, but no recipient was selected in 1942 or 1943. In 1944 the 
Award was presented to Dr. E. B. Astwood; 1945 — Dr. Jane A. Russel; 
1946 — Dr. Martin M. Hoffman; 1947 — Dr. Choh Hao Li; 1948 — Dr. Carl 
G. Heller. The work cited may be either in the field of preclinical or clinical 
endocrinology. The Award is for $1,200.00. If within 24 months of the date 
of the Award, the recipient should choose to use it toward further study in a 
laboratory other than that in which he is at present working, the Award will 
be increased to $1,800.00. 

THE AYERST, McKENNA & HARRISON FELLOWSHIP 

The Ayerst, McKenna & Harrison Fellowship was first awarded in 1947 
to Dr. Samuel Dvoskin, and in 1948 to Dr. Ernest M. Brown, Jr. This Fel- 
lowship is designed to assist men or women of exceptional promise in their 
progress toward a scientific career in endocrinology. The Fellowship may be 
awarded to an individual who possesses the Ph.D. or M.D. degree or to a 
candidate for either of these degrees. The stipend for the Fellowship wall vary 
in accordance with the qualifications of the appointee, but will not exceed 
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GONADOTROPHIC HORMONES AND OVARIAN 
HYPEREMIA IN THE RAT 

HERBERT S. IOJPPERMAN, W. II. McSHAN and 
ROLAND K. MEYER 

From the Department of Therapeutics, New York University College of Medicine 

NEW YORK, NEW YORK 

and the Department of Zoology 

UNIVERSITY OF WISCONSIN, MADISON, WISCONSIN 

. The ovarian hyperemia reaction has been employed as a defini- 
tive endpoint in a rapid biological test for the early detection of 
pregnancy. This particular response of the ovaiy to urinary gonado- 
trophins was first noticed by Eberson and Silverberg in 1931 andjs 
characterized by a congestion of the vessels of the ovarian tissue re- 
sulting in macroscopic reddening of the ovaries. The vasodilatation 
occurs soon after the administration of chorionic gonadotrophin and 
has been observed as early as one hour after intraperitoneal injection 
of urine of pregnancy (Kupperman, 194S). The hyperemic reaction 
while first described in the ovaries of immature albino rats has also 
been noted within six hours after the administration of pregnancy 
urine in the corpora lutea of ovaries of adult rats. A similar reaction 
was also observed in the ovaries of adult mice and immature hamsters 
(Kupperman et al., 1943; Kupperman and Greenblatt 1946-194S). 
The hyperemic effect noted in hamsters and adult mice was not con- 
sistently observed until 15 hours after subcutaneous or intraperitoneal 
administration of the urine. The reaction failed to develop or was not 
observed macroscopically in the ovaries of immature albino mice 
(Rockland strain) or immature or mature guinea pigs. 

While the ovarian hyperemia response of the immature rat ovary 
to urinary gonadotrophins is generally accepted and has been em- 
ployed with varying degrees of success as a test for the early diagnosis 
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of pregnancy (Kelso, 1940; Frank and Berman, 1941; Salmon et al., 
1942; Kupperman etal., 1943, 1948; Zondek, Sulman and Black, 1945; 
Riley et al., 1948) there is no agreement as to the factor or principle in 
the urinary gonadotrophins responsible for the production of ovarian 
hyperemia. In preliminary studies it was noted that this reaction 
occurred only after the administration of urine or extracts rich in 
luteinizing or luteotrophic hormones (Kupperman & Greenblatt, 
1946). Extracts containing chiefly follicle stimulating hormone failed 
to induce ovarian hyperemia. These observations were substantiated 
by Zondek, Sulman and Black (1945) who believed that ovarian 
hyperemia is evoked mainly by the luteinizing hormone and that the 
follicle stimulating hormone has only an augmentative effect. On the 
other hand, Farris (1946) has reported ovarian hyperemia occurring 
after the administration of follicle stimulating hormone. In view of 
these dynamically opposite results, an extensive study was planned to 
note the role of various fractions of the gonadotrophic complex in the 
production of ovarian hyperemia. The following report is concerned 
with the effect of fractionated and unfractionated gonad stimulating 
extracts prepared from the pituitary gland, urine and serum on the 
induction of ovarian hyperemia in the immature female rat. 

METHODS AND MATERIALS 

Preparation of extracts: The follicle stimulating preparations used in this 
study were prepared by the tryptic-digestion method of McShan and 
Meyer (1940). The crude sheep pituitary gonadotrophic fractions (ISAP and 
Vetrophin- Abbott) and the cow pituitary fraction (IBAP140A) are the pH 5 
soluble fractions that were recovered by precipitation with acetone and 
dried by washing with acetone or by lyophilizing according to the method 
reported by McShan and Meyer (1943). The luteinizing preparations (RLII 
and PLIi) are the pH 5 and pH 4 insoluble fractions, respectively, and the 
purified gonadotrophic preparations (F) were obtained by methods reported 
by the same authors (McShan and Meyer, 1943). The lactogenic prepara- 
tions (Lac and LacR) were made by the method of Bates and Riddle (1935). 
The purified horse gonadotrophin was obtained from E. R. Squibb & Sons, 
Incorporated, and the horse pituitary powder (AP17) was made by de- 
hydrating the fresh glands with acetone. The rat pituitary gonadotrophin 
(IIAP126) was obtained by aqueous extraction of. air-dried (Kupperman, 
Elder and Meyer, 1941) rat pituitary glands. This extract was dried by 
lyophilizing. The purified pregnant mare serum gonadotrophin (PMS-E1P3) 
was prepared by the method of Cartland and Nelson (1937). The crude pro- 
lan preparations (ETCH and CPU105HM2) were obtained by alcohol pre- 
cipitation of the chorionic gonadotrophin from human pregnancy urine. 
The thyrotrophic extract was prepared by the Armour Laboratories. 1 

Assay for ovarian hyperemia effect ( six hours): The extracts to be tested 
were administered by the subcutaneous instead of the intraperitoneal route 
to remove the possibility that the solvents employed in the preparation of the 
extracts would cause irritative hyperemia by direct contact and thereby 


1 Supplied through the courtesy of Dr. F. F. Fengcr. 
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produce a false positive reaction. While the extracts to be tested were ad- 
ministered in various doses, a constant amount of 2 cc. of aqueous diluent 
was always employed. The animals were sacrificed by ether asphyxiation six 
hours after administration of the hormone preparation. Twenty-five to 35 
day-old female rats of a Wistar strain were employed. The viscera were 
exposed without trauma, and with no loss of blood. The ovaries were then 
examined for evidence of hyperemia and were classified as positive (those 
showing definite congestion), doubtful (ovaries exhibiting some slight vaso- 
dilation), and negative (no evidence of stimulation). The ovaries were per- 
mitted to remain exposed 2-3 minutes after autopsy to allow for a maxi- 
mum expression of the hyperemic reaction. 

Assay for gonad stimulating action (4.5 days): The extracts employed 
were assayed for their gonadotrophic effect by the administration of a given 
amount of the extract in 9 divided aliquots injected in 0.5 cc. portions once 
on the afternoon of the first day and twice daily for the next four days with 
autopsy performed on' the morning of the 6th day. The extracts were ad- 
ministered in the above manner to 21 day-old intact female rats of the 
Sprague-Dawley strain. Qualitative and quantitative responses of the 
ovaries were noted. 

While comparison between results obtained with the 4.5 day gonado- 
trophic assay and the six-hour hyperemic method could not be made on a 
quantitative basis, the comparative activity of the different preparations 
was established by each of the two assay methods. In addition the relative 
effectiveness of the various extracts in inducing ovarian hyperemia was 
compared on the basis of milligram equivalent of dried pituitary powder to 
the gonad stimulating effects of the same preparation. 

RESULTS AND DISCUSSION 

The data in Table 1 compare the gonad stimulating effect of differ- 
ent follicle stimulating hormone (FSH) preparations with the ovarian 
hyperemia inducing action of the same preparations. The extracts 
were all assayed in intact, non-hvpophysectomized rats and proved to 
be principally follicle stimulating in action. Further assay of one 
preparation (FSH130) in 1 and 2.5 gram doses in immature male rats 
(Table 2) indicate that this extract exhibited no growth stimulating 
effect upon the prostate and seminal vesicles while increase in testic- 
ular weight was attained. These findings are in agreement with the 
prevalent concept of the dual action of FSH and luteinizing hormone 
(LII) on the seminiferous tubules and interstitial cells, respectively, 
and attest to the high degree of purification attained in the prepar- 
ation of the FSH extract. 

Analysis of the data presented in Table 1 indicate that at least 6-8 
times the dose of FSH necessary to induce follicular stimulation as- 
sociated with a 3-4 fold increase in ovarian weight is necessary before 
ovarian hyperemia may be produced. In addition findings are pre- 
sented in Table 1 to show that FSH preparations less pure than others 
produce doubtful hyperemic responses in the ovaries in doses of 2 
grams (I'SII312 and FSH523). These findings imply that while 
ovarian hyperemia is not an expression of the FSH activity it may be 
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induced when sufficient LH is present in the administered prepa- 
ration. 

The effect of fractionated (other than FSH) and non-fractionated 
pituitary, urinary and serum extracts upon the induction of ovarian 


Table 1. The comparative gonad stimulating and ovarian hyperemia effect 

OF FOLLICLE STIMULATING HORMONE (FSH) EXTRACTS 



Gonad Stimulating Action 


Ovarian Hyperemia 

Preparation 

Dose* 

Number 
of Rats 

Ovarian 

"Weight 

Ovarian 

Response 

Dose* 

Number 
of Rats 

Reaction 

FSH 130 

0.5 gm. 

3 

43 

All Follicles 

1 gm. 

2 

Negative 


1 .0 gm. 

3 

89 

All Follicles 

2 gm. 

3 

Negative 





3 gm. 

2 

Doubtful 






4 gm. 

2 

Positive 

FSH 129 

0.5 gm. 

9 

53 

All Follicles 

2 gm. 

I 

Negative 


1 .0 gm. 

3 

85 

Few C. L.** 

3 gm. 

I 

Negative 

FSH 312 

0.5 gm. 

3 

94 

Cloudy 

I gm. 

2 

Negative 





Follicles 

2 gm. 

3 

Doubtful-Negative 






3 gm. 

I 

Positive 

FSH 313 

0.5 gm. 

6 

61 

All Follicles 

2 gm. 

1 

Negative 






4 gm. 

1 

Positive 

FSH 508 

0.5 gm. 

G 

58 

All Follicles 

2 gm. 

1 

Negative 

FSH 509 

0.5 gm. 

G 

5S 

All Follicles 


rPWr! 

Negative 








Negative 

FSH 522 

0.5 gm. 

7 

42 

All Follicles 

2 gm. 

i 

Negative 






4 gm. 

i 

Negative 

FSH 523 

0.5 gm. 

9 

74 

Few C. L.** 
in 3 rats 

2 gm. 

i 

Doubtful 





All Follicles, 
otherwise 

3 gm. 

i 

Positive 

FSH 5256 

0.5 gm. 

6 

28 

All Follicles 

2 gm. 

i 

Negative 


.75 gm. 

9 

4S 

All Follicles 

3 gm. 

i 

Negative 


1.0 gm. 

3 

71 

Al! Follicles 



* In grams equivalent of dried pituitary powder. 

** A total 1-7 corpora lutca in both ovaries of each rat. 


Table 2. The effect of fsh 130 on the testes and male 

ACCESSORIES OF THE IMMATURE RAT 


Dose 1 

(gram) 

No of 

Rats 

Testes 

(mgm) 

Seminal 2 

Vesicles 

(mgm) 

Prostate 

(mgm) 

0 

3 

506 

9.5 

37.0 

1.0 

3 

G55 

9.3 

33.5 

2.5 

3 

676 

9.5 

37.8 


1 Equivalent of dried pituitary powder. 

2 Less the coagulating gland. 


hyperemia is presented in Table 3. These data indicate that in addi- 
tion to the ovarian-hyperemic stimulating effect of unfractionated 
gonadotrophic extracts, highly purified LH and lactogenic (luteo- 
trophic) extracts — in contrast to the FSH preparations — are also 
effective agents in producing ovarian hyperemia. The unfractionated 
aqueous extracts of both sheep and beef pituitary glands produce 
ovarian hyperemia in doses of 25 and 125 mg. equivalent, respectively. 
Quantitative assay of the beef pituitary extract over a period to 4.5 
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Table 3. Gonad stimulating and ovarian hyperemia effect of unfractionated 

AND FRACTIONATED GONADOTROPHIC, LACTOGENIC AND 
. THYROTROPHIC PREPARATIONS 


Gonad Stimulating Action Ovarian Hyperemia 


Kind of 
gonadotrophic 
preparation 

Total Number 
Dose* of Rats 

Ovarian 

Weight 

(mgm) 

Ovarian 

Response** 

rw n * Number 
Dose of Rats 

Hyper- 

emia 


500 mg. 

3 

106 

Several-Numerous 

50 mg. 

2 

Negative 

Beef IBAPMOA 

( + 6 nig. 



Corpora Lutea 

125 mg. 

1 

Positive 

Heme) 




500 mg. 

1 

Positive 

Sheep ISAP32A 

100 mg. 

9 

52 

Follicle-Numerous 
C. L. 

10 mg. 

25 mg. 

3 

2 

Negative 

Positive 





50 mg. 

1 

Positive 

ISAP24 

100 mg. 

6 

94 

Numerous C.L. 

25 mg. 

50 mg. 

2 

2 

Positive 

Positive 






100 mg. 

o 

Positive 

Vctropliin (Abbott) 

100 mg. 

6 

93 

Few* C. L. 

10 mg. 

25 mg. 

o 

3 

Negative 

Positive 






50 mg. 

1 

Positive 

Homo AP17 

15 mg. 

3 

97 

Follicular 

5 mg. 

3 

Negative 



Stimulation 

10 mg. 

2 

Negative 

Bat RAP126 

1 mg. 

10 

58 

Several C. L. 

0.5 mg. 

o 

Negative 


3 

95 

Several C. L. 

1 .0 mg. 

3 

Negative 


3 mi 

2 

145 

Several C L. 

2.0 mg. 


Negative 





3 .0 mg. 

2 

Negative 






4.0 mg. 

o 

Negative 

Purified unfrnctionnted: 

100 mg. 

3 

71 

Few-Several 

10 mg. 

3 

Negative 

Sheep F116A 



C. L. 

25 mg. 

50 mg. 

3 

1 

Positive 

Positive 

FI IGA 

100 mg. 

12 

S4 

Follicles-Scvcral 

25 mg. 

3 

Negative 



C. L. 

50 mg. 


Positive 

Hor FU9A 

100 mg. 

6 

39 

Follicular 

50 mg. 

n 

Negative 



Stimulation 

100 mg. 


Negative^ 

Horse Gonadotrophin 

2 units 

3 

21 

Cloudy Follicles 

1 unit 

3 

Negativ 

(Squibb) 

5 units 

3 

84 

Numerous C. L. 

2 units 

3 

Positive 

10 units 

3 

261 

Many C. L. 

5 units 


Positive 


15 units 

3 

337 

Many C. L. 

15 units 

1 

Positive 

Pregnant Marc Scrum 

0.25 mg. 

3 

85 

Numerous C. L. 

0.05 mg. 

2 

Negative 

PMSE1P3 




0.1 mg. 

4 

Positive 





0.25 mg. 

3 

Positive 

Chorionic I'ETOH 

3 cc. 

3 

43 

Few C. L. 

3 cc. 

o 

Positive 

CPU 105 

4 cc. 

3 

53 

Few-Several C. L. 

4 cc. 

o 

Positive 

Fractionated sheep: 







Negative 

Lutcinuing hormone 

500 tup. 

3 

16 

Negative 

50 mg. 


(LH) PUS 




100 mg. 

3 

Positive 





250 mg. 

1 

Positive 

B2SA 

500 mg. 

1 

15 

Negative 

100 mg. 

Q 

Negative 




250 mg. 


Positive 

piionc 

500 mg. 

o 

13 

Negative 

25 mg. 

3 

Negative 





50 mg. 

o 

Positive 






100 mg. 

o 

Positive 






250 mg. 

1 

Positive 

IJtlS 

500 mg. 

2 

17 

Negative 

25 mg. 

2 

Negative 





50 mg. 

4 

Positive 






75 mg. 

o 

Positive 

Uaetogenic hormone 
LneRl24 

500 mg. 

3 

10 

Negative 

50 mg. 

o 

Negative 





100 mg. 

*> 

Positive 

I-3CR900 

500 mg. 

3 

12 

Negative 

500 mg. 

o 

Positive 

I-ip52 

500 mg. 

o 

10 

Negative 

500 mg. 

*1 

Positive 





1000 mg. 


Positive 

Tlivrotrophie 

5 units 

3 

13 

Negative 

5 units 

2 

Negative 

hormone 

10 units 

3 

14 

Negative 

10 units 

n 

Negative 


• Mr. refers to mg. equivalent of dried pituitary ponder. 

** Few C, L.**A total of 1-7 corpora lutea in both ovaries 
Several C. I*. - A tola! of S-I4 corpora iutea in both ovaric*. 
Numerous C. L. *»Too many corpora lutra to count 
Many C. !•„** Ovary c^mpovai principally of corjx»ra lutea 
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days according to the method described above in doses equivalent to 
0.5 grams of dried powder failed to produce any detectable ovarian 
stimulation. However, as little as 125 mg. equivalent induced ovarian 
hyperemia. Incorporation of 6 mg. of heme with 0.5 gram equivalent 
of beef pituitary extract resulted in ovarian stimulation when the 
material was administered over a period of 4.5 days (McShan and 
Meyer, 1937). Luteinizing hormone extracts (PI 18, R28A, P116BC, 
LH15) caused ovarian hyperemia in doses as small as 100 mg. equiv- 
alent of dried pituitary glands. The LH preparations are 20-40 times 
as effective in the production of ovarian hyperemia as FSH when 
compared on the basis of equivalents of dried pituitary glands. These 
same luteinizing extracts were ineffective in exhibiting gonad stim- 
ulating action when administered over a 4.5 day period to the im- 
mature 21 day-old female rat. However, when the LH preparations 
were administered in conjunction with FSH extracts, corpora lutea. 
were produced. Lactogenic preparations were effective in producing 
ovarian hyperemia in doses which failed to show evidence of gonad 
stimulating activity (Table .3). One preparation (LacP.124) induced 
ovarian hyperemia in doses equivalent to 100 mgm. of dried pituitary 
powder and compares favorably with the similar activity of LH 
preparations. 

Pregnant mares’ serum, human pregnancy urine extracts and com- 
mercially available unfractionated sheep pituitary preparations all 
possessed LH activity and readily produced ovarian hyperemia. Ad- 
ministration of a thyrotrophic extract and suspension of dried horse 
pituitary failed to induce hyperemia of the ovarian tissue. The thyro- 
trophic preparation exhibited no gonad stimulating action in the 
immature rat and the crude horse pituitary extract showed only follic- 
ular stimulating activity in the doses employed. Hence it may be 
concluded that the absence of sufficient LH in these preparations pre- 
vented the induction of ovarian hyperemia. 

Our results have consistently demonstrated that extracts possess- 
ing LH or luteotrophic activity are capable of producing ovarian 
hyperemia. In addition it may be noted that while highly purified FSH 
extracts are practically ineffective in producing ovarian hyperemia, 
FSH enhances the ovarian hyperemie action of LH. This is supported 
by data in Table 3 where it is shown that unfractionated gonado- 
trophic extracts (ISAP24) are as a rule more effective in producing 
ovarian hyperemia than LH preparations when a comparison between 
the minimal hyperemie stimulating dose (on basis of milligram equiv- 
alents of dried[pituitary powder) is made. The augmentative effect 
•of FSH in r ihe presence[of LH upon’ovarian hyperemia was also dem- 
onstrated by Zondek etal. (1945). The ovarian hyperemie stimulating 
action of lactogenic hormone may be ascribed to its luteotrophic 
properties since it has been shown that lactogenic preparations will 
maintain the function of the corpus luteum (Astwood, 1941; Evans, 
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Simpson and Turpeinen, 1938). On the other hand, gonad stimulating 
extracts which are predominantly follicle stimulating in action fail 
to induce ovarian hyperemia except when excessive doses of these 
preparations are employed. There is, however, one exception that we 
have noticed to the above concept that LH preparations will produce 
ovarian hyperemia, namely it was observed that when a gonado- 
trophic extract prepared from rat pituitary glands was administered 
to immature female rats ovarian hyperemia failed to develop. Ovarian 
hyperemia was not observed despite the fact that doses far exceeding 
the minimal dose necessary to produce ovarian hypertrophy and 
corpora lutea formation (4.5 day assay) were employed. Although no 
explanation is at hand to account for the failure of rat pituitary ex- 
tracts to induce ovarian hyperemia in the rat, it is possible that homol- 
ogous pituitary preparations are not hyperemic in action notwith- 
standing their LH activity. 

The hyperemic inducing effects of LH and luteotrophic extracts sug- 
gest the use of this end-point as a rapid assay method for establishing 
luteinizing and luteotrophic activity of unqualified gonadotrophic prep- 
arations. Such a procedure may serve as a means of rapidly screening 
a large number of compounds in testing for such activity. The ovarian 
hyperemia response may also be employed in quantitative assays for 
LH or luteotrophic hormone in the serum of normal and pregnant 
women and in those patients presenting suspected pathological findings 
such as chorionepithelioma and hydatidiform mole when greatly 
increased levels of urinary gonadotrophins are present. In addition it 
has recently been suggested (Zondek et al., 1948) that diagnosis of 
fetal death may be made by noting quantitative^ the ovarian hyper- 
emia stimulating action of various dilutions of human pregnancy 
urine. The greatest dilution at which ovarian hyperemia is attained 
may be used as the end-point for quantitative assays. Thus the hyper- 
emia unit (OHU) may be defined as the least amount of material or 
greatest dilution of serum or urine which will produce ovarian hyper- 
emia in all of the animals injected six hours after subcutaneous admin- 
istration of the preparation to immature female rats, 25-30 days of age 
and 45-70 grams in weight. 

While our earlier results (Kupperman and Greenblatt, 1946) and 
the present observations are in agreement with the findings of Zondek, 
Sulman and Black (1945), we are at a loss to explain the discrepancies 
between our findings and those of Farris (1946). This latter worker 
has ascribed the hyperemic response of the rat ovary to gonado- 
trophins as due to the FSII activity of the preparations. While we 
have employed the same end-point, different methods of asphyxiation 
of the test animal have been used. Whereas ether has been the lethal 
agent in our experiments, Farris has adopted the use of illuminating 
gas. Perhaps the use of such an agent could sufficiently alter the ap- 
pearance of the ovaries to explain the difference. 
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SUMMARY 

Ovarian hyperemia has been employed as a definitive end-point in 
the rapid (2-6 hours) pregnancy test utilizing the rat as the test 
animal. Studies were undertaken to ascertain the gonadotrophic 
factor responsible for evoking ovarian hyperemia. The following 
preparations from pituitary glands, serum and urine were tested: 
TJnfractionated pituitary extracts and fractionated pituitary prepara- 
tions i.e. follicle stimulating hormone, luteinizing hormone, lactogenic 
and thyrotrophic extracts; pregnant mare serum, and pregnancy urine 
extracts. Some pituitary preparations were administered as aqueous 
suspensions of dried pituitary powder. Only those preparations ex- 
hibiting luteinizing or luteotrophic activity were capable of inducing 
ovarian hyperemia when administered according to the described pro- 
cedure. A comparison between the hyperemic action and the gonado- 
trophic potency of the various extracts was made. In view of the 
specificity of the luteinizing and the luteotrophic hormones in evoldng 
ovarian hyperemia it has been suggested that this end-point be em- 
ployed as a rapid procedure in screening gonadotrophic compounds 
for their luteinizing and luteotrophic effects. An ovarian hyperemic 
unit is described and its use in an assay method is discussed. 
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THE CRITICAL REQUIREMENT FOR PANTOTHENIC 
ACID BY THE ADRENALECTOMIZED RAT 1 

MARY E. DUMM and ELAINE P. RALLI 
From the Laboratories of the Department of Medicine, New York 
University College of Medicine 

NEW YORK CITY 

INTRODUCTION 

In earlier experiments it was observed that survival in adrenalec- 
tomized rats was significantly prolonged when the diet was supple- 
mented with very large doses of pantothenic acid and the rats were 
allowed 1% NaCl as drinking water (Ralli, 1946). In view of this 
finding we were interested in determining the critical dose of panto- 
thenic acid necessary for the prolonged survival of rats following 
adrenalectomy. This report is concerned with the effect of daily doses 
of pantothenic acid varying from 0.03 to 6 mg. on survival in adrenal- 
eetomized rats. 

EXPERIMENTAL 

Black rats of the Long-Evans strain, bred in the laboratory, were 
placed on a diet deficient in pantothenic acid (Ralli and Graef, 1943) 
when 30 days of age. This diet contained 22% vitamin-free casein, 
64% sucrose, 9% Primex, and 5% of the modified salt mixture 3 con- 
taining no NaCl. 100 gm. of the basal diet was supplemented with 
1.9 cc. cod liver oil, 0.3 mg. thiamine hydrochloride, 0.3 mg. pyri- 
doxine hydrochloride, and 0.9 mg. riboflavin. The deficient diet was 
continued for 30 days, by which time the failure of the rats to gain 
weight, graying of the fur, and the small excretion of pantothenate in 
the urine 3 all indicated that depletion of pantothenic acid had occurred. 
The rats were then adrenalectomized. Following adrenalectomy the 
diet was supplemented daily with the dose of calcium pantothenate to 
be tested. These dosages will be presented as the amount of pantothen- 
ic acid equivalent, to the dose of calcium pantothenate given. In order 
to avoid unnecessary manipulations of the animals, and also to dis- 
tribute the dose of pantothenic acid throughout the day, 0.5 ml. of a 
solution of calcium pantothenate (made up to contain 2 daily doses 


Received for publication July 23, 194S. 

1 These studies were aided by a grant from the National Vitamin Foundation. 

5 The composition of the modified salt mixture was 2 gm. ferric citrate, 3S gm. 
calcium diphosphate, 30 gm. potassium citrate, 10 gm. magnesium citrate, 0.04 gm. 
copper sulphate, and 0.005 gm. potassium iodide. 

1 Wc arc indebted to Dr. Saul H. Rubin, Director of the Nutrition Laboratories, 
IlofTmann-I.aRoche, Inc., Nutlev, New Jersey, for the pantothenate assays of rat urine. 
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per ml.) was mixed with the amount of food each rat was expected to 
eat during the next 24 hours. Food consumption records were kept for 
all animals and the total quantity of food offered was adjusted to each 
rat’s appetite. Throughout the survival experiments all rats received a 
1% solution of NaCl as drinking water. The rats were weighed at 
frequent intervals. 

Some rats in each group were deprived of salt at intervals through- 
out the experiment in order to test the completeness of adrenalectomy. 
Other animals which had survived adrenalectomy for long periods 
were subjected to stress in order to evaluate their condition. These 
rats were obliged to swim for 25 minutes in water at 25° C. Blood 
sugar was determined in tail blood before and after swimming by the 
method of Polis and Sortwell (1946). 

RESULTS 

Table 1 shows the effects on survival after adrenalectomy of vary- 
ing doses of pantothenic acid daily. In all experiments in which the 


Table 1. Effect of pantothenic acid on survival 

IN ADRENALECTOMIZED RATS 


NaCl 

Pan. acid 
daily 
mgra. 

No. of 
rats 

10 

Per cent of total surving 
25 50 75 100 

Days ' 

150 

Mean S.D. 


0 

105 

50 

2 

0 

0 

0 

0 

11 .9 ±5 .4 


0.03 

19 

74 

0 

0 

0 

0 

0 

14 .2 ±4.3 

1% 

1 .0 

15 

87 

7 

0 

0 

0 

0 


E in 

2.0 

14 

93 

43 

36 

29 

29* 



water 

3.0 

31 

74 

16 

16 

16 

16* 




3.5 

14 

71 

43 

43* 






4.0 

22 

96 

77 

73 

50 

41* 




4-G 

70 

100 

91 

81 

67 

62 

50 



0 

26 

7 

0 





6.24-2.5 


4-6 

21 

62 

0 





12.5+4.5 


* Experiments discontinued . . . animals used for special studies. 


rats received up to 4 mg. of pantothenic acid daily, the calcium 
pantothenate was administered to each rat in the amounts indicated 
in the table. The animals indicated as receiving 4 to 6 mg. of panto- 
thenic acid daily were supplied ad lib. with a diet containing 4 mg. of 
calcium pantothenate in 10 gm. of diet. The amount of diet consumed 
daily was weighed during periods of the experiment and, although the 
daily intake of the diet varied, most rats ingested an average of about 
5 mg. of pantothenic acid per day (Ralli, 1946). The control group 
consisted of adrenalectomized rats which were continued on the de- 
ficient diet after adrenalectomy. 

The necessity for NaCl has previously been reported (Ralli, 1946). 
Without salt, the rats survived only a few days after adrenalectomy, 
whether or not they were receiving pantothenic acid. The survival for 
the rats without salt is also given in the table. 
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The results show that survival following adrenalectomy was 
sharply curtailed in animals continued on the deficient diet and 1% 
NaCl. When 0.03 mg. of pantothenic acid daily was fed, the mean 
survival was slightly longer, but survival was still strictly limited. 
This amount of pantothenic acid has been shown to be more than 


CUMULATIVE LOSS OF CL AND WEIGHT IN ADRENALECTOMIZED 
AND NORMAL RAT FOLLOWING SALT WITHDRAWAL. BOTH RATS 



Fig. 1. Effect of salt withdrawal in an ndrenalectomized and a normal rat. The 
2 rats were placed on a diet deficient in pantothenic acid when 3G days of age. 
After 30 days on the diet one rat was ndrenalectomized and the other rat was sham 
operated, and in both rats the diet, was supplemented with calcium pantothenate (4 to 
6 mg.) and a 1 % NaCl solution. After IS months NaCl was stopped. At this time the 
ndrenalectomized rat. weighed 272 gms. and the control animal weighed 207 gms. The 
ndrenalectomized rat survived salt withdrawal for 28 days and during this time it lost 
51 gms. in body weight. The control rat during the same period of time lost 22 gins. 
The control rat continued to survive and was finally sacrificed after 0 weeks. The line 
at 12 days indicates a break in the experiment when through an error NaCl was ad- 
ministered for a short period of time. 


sufficient for optimal growth by intact rats 10 weeks of age (Unna and 
Richards, 1942). On 1 mg. of pantothenic acid daily a larger percent- 
age of the animals survived for 10 days, and one animal (7%) survived 
for 25 days. The completeness of adrenalectomy in this animal was 
checked by withdrawing salt and the animal succumbed within 20 
hours. 

When the dose of pantothenic acid was increased to 2 mg. or more 



2S6 


DUMM AND RALLI 


Volume 43 


daily, there wag a definite increase in percentage survival, and in some 
of each group prolonged survival was obtained. On 2, 3, and 3.5 mg. 
daily less than half of the rats survived for 25 days or more. When the 
daily dose of pantothenic acid was increased to 4 mgm., 77% of the 
rats lived for 25 days or more. When the rats ingested the diet ad lib. 
and the daily intake of pantothenic acid varied from 4 to 6 mgm., 91% 
of the animals survived adrenalectomy for more than 25 days. 



Fig. 2. The weight in grams at the time of adrenalectomy is plotted against the 
survival after adrenalectomy in days. All rats had been maintained on a diet deficient 
in pantothenic acid for 30 days before adrenalectomy and were continued on the same 
diet plus 1% NaCl after adrenalectomy. 

The completeness of adrenalectomy was checked in many of the 
long-surviving animals by depriving them of NaCl. All of the rats 
tested succumbed to salt deprivation, usually within 2 to 4 daj r s. An 
occasional rat which had been maintained on NaCl and pantothenic 
acid for a long time following adrenalectomy withstood NaCl depri- 
vation for a much longer period. While the completeness of adrenal- 
ectomy might be questioned in these cases, both the weight and chlo- 
ride losses were much greater in the adrenalectomized rats than in their 
intact controls on the same regime. Figure 1 shows the cumulative loss 
of weight in grams and of chloride in milliequivalents of such an adren- 
alectomized rat compared with its intact control after salt was with- 
held from both. The adrenalectomized rat had survived adrenal- 
ectomj’- for 18 months at the time salt was withdrawn. This animal 
survived adrenalectomy for an unusually long period and also sur- 
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vived salt withdrawal for a total of 28 days. The survival following salt 
withdrawal was influenced by a break in the experiment when 
through an error salt solution was given to both rats, and this, as 
indicated in the chart, occurred on the 12th day. Withdrawal of salt 
again was associated with a sharp drop in weight in the adrenal- 
ectomized rat and in a negative chloride balance. In the intact control 
there was a loss of weight, but this became stabilized after the animal 
had lost approximately a total of 30 gm. A similar loss of chloride and 
weight was reported (Ralli, 1946) in other animals surviving adrenal- 
ectomy for prolonged periods. 

Analysis of the data on 105 control animals which were continued 
on the deficient diet following adrenalectomy showed that the weight 


Table 2. The survival index* of adrenalectomized rats 


Pantothenic 
acid mg. /day 

Number of 
rats 

Mean weight 
at adr. gms. 

Median survival 
after adr. days 

Survival* 

index 

0.0 

10 

95 | 

8 

1 .1 

0.0 

15 

102 

8 

0.9 

0.0 

11 

80 

6 

0.9 

0.03 

19 

120 

12 

1 .0 

1 .0 

15 

83 

13 

1.9 

2.0 

14 

80 

20 

2.9 

3.0 

31 

S5 

15 

2.1 

3.5 

14 

9S 

18 

2.2 

4.0 

22 

100 

76 

9.5 

4-0 

70 

103 

150 

16.7 


* The survival index is the ratio of the median survival of rats on a given intake 
of pantothenic acid to the expected survival of rats of the same weight (±10 gms.) 
on a diet deficient in pantothenic acid. 


of the rat at the time of adrenalectomy is one factor affecting its 
survival following the operation. This data is shown in Figure 2 in 
which the weight of the rat is plotted against its survival after 
adrenalectomy. The regression line was calculated by the method of 
least squares. This same tendency for the heavier animals to survive 
longer after adrenalectomy than the lighter ones could be demon- 
strated in all groups of rats except those receiving 4 to 6 mg. of panto- 
thenic acid daily. 

Since weight is one factor influencing survival after adrenalectomy, 
we wished to express the survival of rats receiving various doses of 
pantothenic acid in a way which allowed for this variable. We have, 
therefore, devised a survival index based on the mean weight of the 
animals in each group at adrenalectomy. The survival index is the 
ratio of the median survival of rats on a given intake of pantothenic 
acid to the expected median survival of rats of the same weight, ± 10 
grams, on a diet deficient in pantothenic acid. Table 2 shows the 
survival index for each group of adrenalectomized rats with reference 
to the dose of pantothenic acid received. As a partial check on the 
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average growth curves are shown for 4 intact male rats and for 4 
adrenalectomized male rats. All the animals were placed on the panto- 
thenic-acid deficient diet when 32 days of age. Half the animals were 
adrenalectomized at 58 days of age and all received 4 mg. of panto- 
thenic acid daily from 58 days until the conclusion of the experiment. 
Each point represents the mean weight of 4 rats at the indicated age. 

For about a month after adrenalectomy the intact and adrenal- 
ectomized rats kept pace with each other fairly closely. The temporary 
interruption in the rate of growth which occurred in the adrenalecto- 
mized rats between 10 and 20 days after adrenalectomy is characteristic 


Table 3. Effect of swimming on blood sugar 


Condition 
of rat 

No. of 
rats 

Diet or 
supplement 

Initial 
blood sugar 
nig. % 

Final 

blood sugar 
mg. % 

% Change 
in blood 
sugar 

Intact 

4 

Nuchow 

134 ± 7 

112 ±11 

-16+ 9 

2 Days after 
Adrenalectomy 

3 

Nuchow 

133 ±10 

93 ±12 

-31 ±12 

G Days after 
Adrenalectomy 

4 

Nuchow 

138 ±11 

95 ± 9 

-32 ± G 

Intact Rat on 
Exp. Diet for 

100 Days 

3 

4 mg. Pan. 
per day 

125 ±9 

133 ±20 

+ 6 ± 13 

Adr. Rats 100 
Days after Adr. 
on Exp. Diet 

3 

4 mg. Pan. 
per day 

13G ± 7 

122+ 5 

-11 ± 2 


and has occurred consistently. It seems to reflect a critical period in 
the adjustment of the adrenalectomized rat to the loss of its cortical 
hormones. Animals on an inadequate intake of pantothenic acid were 
likely to die during this period, and those which survived usuallj r 
continued to survive for relatively long periods. 

About 30 days after adrenalectomy the rate of gain of the adrenal- 
ectomized animals dropped below that of the intact animals. The 
maximum weight of the adrenalectomized rats was reached about SO 
days after adrenalectomy, when the rats were 140 days of age. At this 
time the average weight of the adrenalectomized rats was 220 grams, 
while the intact rats weighed an average of 275 gm. and were still 
gaining. 

Similar curves have been constructed using data from female rats. 
1 lie relationship between the weights of adrenalectomized and intact 
rats was similar to that found in males, although the absolute weights 
were lower. 

It should be emphasized that these adrenalectomized rats re- 
ceiving adequate amounts of pantothenic acid and XaCl appeared 
well and, as will be shown below, were capable of muscular work. 
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Since the ability of an animal to withstand stress is considered a 
significant indication of adrenal cortical function, we have subjected 
adrenalectomized and intact rats to swimming as a form of stress. The 
rats were placed in large stone crocks containing water at 25° C and 
were obliged to swim for 25 minutes. Tail blood was taken for the 
determination of blood sugar before and immediately after swimming. 
The ability of a given animal to withstand stress was judged by the 
effect of the swim on the animal’s blood sugar. 

The data are summarized in Table 3, where the initial and final 
blood sugar values are shown for intact and adrenalectomized rats on 
Nuchow, and for intact and adrenalectomized rats on the experimen- 
tal diet providing 4 mg. of pantothenic acid daily. The values shown 
are the means and standard deviations of the means. 

The data show that the initial blood sugar values were essentially 
the same for all groups of animals tested, but that their ability to 
maintain this value after swimming varied widely. The intact animals 
receiving 4 mg. of pantothenic acid daily showed a slight, though 
probably insignificant, rise in blood sugar following swimming. The 
adrenalectomized rats on the same diet showed a moderate decrease of 
11%, which was less than the 16% loss in the intact Nuchow rats and 
very much less than the 30% loss in adrenalectomized rats on Nuchow. 

DISCUSSION 

These observations point to the importance of pantothenic acid in 
the diet of adrenalectomized rats. The amount required is so large in 
comparison with the dietary needs of intact rats that it seems unlikely 
that its action is merely one of overcoming a deficiency in pantothenic 
acid. 

The adrenalectomized rats on large doses of pantothenic acid were 
in good physical condition. They appeared well and could not be 
easily distinguished from the intact animals. The fur in both the intact 
and adrenalectomized rats was thick and well pigmented. The adrenal- 
ectomized animals were somewhat less active than the intact animals 
and their food intake was slightly less. For a time there was little 
difference in weight between the 2 groups but ultimately the intact 
rats outstripped the adrenalectomized rats. By the 100th postoper- 
ative day there was a considerable difference in the average weight of 
the 2 groups. 

The stress experiments showed that these adrenalectomized 
animals were in unusually good condition for rats 100 days after 
adrenalectomy which had received no -hormone therapy at any time. 
Pantothenic acid prevented the fall in blood sugar which would have 
been expected in adrenalectomized rats subjected to stress and which 
was observed in the adrenalectomized rats on Nuchow. One reason for 
the prolonged survival of these animals may be that large doses of 
pantothenic acid protect rats from the disturbance in carbohydrate 
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metabolism which ordinarily follows adrenalectomy. It has been 
postulated repeatedly (Williams, 1941; Wright, 1942; Berkman, 
Dorfman and Koser, 1942 ; Hills, 1943) that pantothenic acid is related 
in some way to the carbohj’drate metabolism of normal animals, 
possibly through participation in a coenzyme system (Lipmann et al., 
1947; Nachmansohn and John, 1945). The effectiveness of panto- 
thenic acid in maintaining life in the adrenalectomized rat may be 
associated with its action on carbohydrate metabolism. 

Another way in which pantothenic acid may be contributing to 
survival in the adrenalectomized animal is in maintaining water bal- 
ance. Gaunt and his associates (1946) showed that pantothenic-acid 
deficient rats were very sensitive to large doses of water and that water 
intoxication was prevented by the administration of either panto- 
thenic acid or adrenal cortical extract. The combined administration 
of NaCl and pantothenic acid to adrenalectomized rats may have 
compensated in some way for the loss of the adrenal hormones in 
respect to water and salt metabolism. 

The physiological disorder caused by adrenalectomy is not con- 
fined to a single function, and pantothenic acid without NaCl is in- 
effective — but NaCl is equally ineffective in maintaining survival of 
adrenalectomized rats on diets deficient in pantothenic acid. Our 
experiments did not define the role of pantothenic acid in the adrenal- 
ectomized rat, but the amount of pantothenic acid necesary for sur- 
vival is now established and its importance is again demonstrated. 

SUMMARY 

Black rats 30 days of age were placed on a diet deficient in panto- 
thenic acid. After 30 days on the deficient diet the animals were 
adrenalectomized. The adrenalectomized rats received the same diet 
plus graded amounts of pantothenic acid ranging from 0.03 mg. to 6 
mg. daily. Throughout the experiments, the rats were given 1% NaCl 
as drinking water. 

Prolonged survival following adrenalectomy was observed in more 
than half the rats receiving 4 mg. or more of pantothenic acid daily. A 
few animals receiving from I to 3 mg. of pantothenic acid survived 
adrenalectomy for prolonged periods. 

The weight of the rat at the time of adrenalectomy was shown to 
be one factor influencing the subsequent survival of animals receiving 
3.5 mg. or less of pantothenic acid. 

Adrenalectomized rats receiving 4 mg. or more of pantothenic acid 
daily grew normally for about 4 weeks post operatively. Thereafter the 
intact rats outstripped the adrenalectomized animals. 

Bats 100 days after adrenalectomy, maintained on 4 mg. of panto- 
thenic acid daily, showed less decrease in blood sugar following swim- 
ming than either intact or G-dav adrenalectomized rats on Nucliow. 
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A SIMPLIFIED TECHNIQUE FOR HYPOPHYSECTOMY 
OF THE DOMESTIC FOWL 

IRVING ROTHCHILD' 

From the Bureau of Animal Industry, United States 
Department of Agriculture 

ISELTSVILLE, MARYLAND 

The survival of adult chickens following hypophysectomy by the 
transbuccal method has been found, in my own experience, to be 
comparatively low, though not as low as has been reported by Hill, 
Corkill and Parkes (1934). The first week after hypophysectomy, in 
particular, is the period of most severe losses. Since the trauma as- 
sociated with the operation seemed to be primarily responsible for 
these losses a less traumatic technique was looked for; this was found 
in the oral approach 2 to the pituitary, which White (1933) used suc- 
cessfully on rabbits. This approach makes for a faster, simpler, and 
cleaner operation than the one using the transbuccal approach. Early 
mortality (in the first to second postoperative weeks) was consider- 
ably less (Rothchild, 1948) than that following the transbuccal meth- 
od, although total mortality was practically the same by both methods. 

The details of the method follow: 

Equipment. The operating board is shown in perspective view in 
figure 1, and with its legend, is self-explanatory. The instruments 
needed (in addition to a dental drill, #S or #10 excavating burrs, 
suction cannulas, and a suction pump) are a pair each of fine straight, 
and fine curved forceps, a small probe, a bone scraper (such as a dental 
discoid excavator), a pair of spring steel spreaders (shown in use in 
figure 2), a dissecting probe with end hooked and sharpened, and a 
spatula about 1 mm. in width. 

Anesthesia. Nembutal (6.0% in 10% alcohol) by the intravenous 
route is used as the sole anesthetic. The effective dose is about 0.35 cc. 
per kilogram of body weight. Slightly over half of the total amouut re- 
quired should be given in a single quick thrust of the plunger and the 
remainder in 0.05 cc. amounts, with the speed of administration 
roughly in proportion to body weight. The best criterion of adequate 
anesthesia is]a slight head twitch on pinching the comb. The last 0.10- 
0.15 cc. should in all cases be given slowly and carefully, with comb 
pinches between each 0.05 cc. 

Received for Publication July 2G, 194$. 

1 Present address: Department of Physiology, University of Maryland School of 
Medicine, Baltimore, Md. 

* The oral approach was evidently also used by Mitchell (1929}, but he gives no 
details about it. 
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The operation. The bird is laid, back down, on the operating board, 
the comb fitted into the comb slot, the neck between the upright 
prongs of the head holder, and the upper half of the beak into the 
beak holder (see figures 1 and 2). The bird’s head is adjusted to a 
horizontal position, the rubber band is slipped under the lower jaw, 
with the tongue elevator under the tongue, and then fixed to the ap- 



Fig. 1. Perspective view of the operating board for oral hypophysectomy: a — comb 
slot (3Xf inches); b — V-shaped piece of wood closing forward end of comb slot and 
serving as support for c — wing nut, bolt and washer; d — beak holder; e — head holder 
(made of heavy copper wire — the height of the upright prongs should be about 1} 
inches); / — wing nut, washer and bolt for clamping lateral arms of the head holder; 
g — pegs or nails for supporting h — rubber band for retraction of the lower jaw; i — wing 
or leg band fixed to forward half of the rubber band to serve as tongue elevator;./ — nails 
to which cannula and suction tube can be attached during operation. The rear ledge 
(formed from the forward upright) on which a head block for young chicks rests can be 
seen through the comb slot. Most of the comb slot should be forward of this ledge. 
Overall dimensions of the board are as shown, and a section of the board in use is shown 
in figure 2. (Drawn from a photograph.) 


propriate pair of pegs or nails. The anterior half, at least, of the cleft 
in the "soft palate” should be clearly visible. The cleft is spread with 
the pair of fine curved forceps. The ridge of tissue connecting the an- 
terior edges of the cleft is cut gently with the bone scraper, and imme- 
diately afterward the bottom of the cleft is scraped clean with the 
bone scraper; the bone appears as a glistening white area containing 
a small, crescent-shaped ridge enclosing a tiny, cup-shaped depression 
(figure 2). 

Blood, mucus, or regurgitated crop contents, if present, are re- 
moved with the suction cannula, and the spreaders are inserted (figure 
2). The head of the bird should now be tilted as far forward as possible 
without permitting the lower jaw to obscure the operating field. Drill- 
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ing is started directly on the cup-shaped depression, and continued 
until the hard bone has been pierced. A second hole is then started 
anterior to the first by a distance approximately equal to the diameter 
of the burr. The two drill holes should fuse, the opening be extended 
laterally as much as possible, and the drilling continued at an angle 
of about 45° from the vertical. Repeated lifting and repressing the 
revolving burr against the bone will help the operator to recognize 
the characteristic sudden “give” that signals the completion of the 
hole. Reference to a sagitally cut preparation of the skull of the chicken 
will also be of considerable help in learning the landmarks, especially 
the depth of the bone. 

The bottom of the hole is cleaned with probe and suction cannula, 
and enlarged if necessary. The appearance of the pituitary and its 
relationship to the circle of Willis are adequately described by Mitchell 
(1929) and need not be gone into here. After cutting the dura with the 
hooked dissecting needle, gentle application of the tip of the suction 
cannula to the surface of the pituitary capsule will usually bring the 
gland away without difficulty. The bleeding that follows is stopped 
temporarily with cotton wool ; the drill hole is then refilled with bone 
wax, the spreaders and rubber band removed, and the bird allowed to 
recover completely from the anesthetic before being replaced in its 
cage. 

Miscellaneous Notes. Operating time. Operating time can be as 
little as 3 minutes, and need not be more than 10. The major factors 
that lengthen operating time are bleeding at the bottom or sides of 
the cleft in the “soft palate” misplaced drilling, and hemorrhage at 
the end of drilling, or on cutting the dura with the hooked needle. All 
of these can be avoided or minimized with practice. Use of atropine. 
Hill (1934) mentions the use of atropine to control excessive mucus 
secretion in the mouth. However, I have found that, without atro- 
pine, occasional aspiration of the accumulated mucus with the suction 
cannula keeps the operating field adequately unobstructed. 
Hypophysectomy of chicks. The bird illustrated in figure 2 is a chicken 
about 10-15 weeks old. The operating board shown in figure 1 has 
been modified for use with chicks by filling the comb slot with a 
wooden block, using a beak holder that can be lowered to a greater 
extent than the one used for adults, and a rubber band retractor for 
the lower jaw that is about one-half as wide as that used for adults. 
These simple modifications make the board as easy to use for chicks 
as for adults. 

Removal of the posterior ■ pituitary . The term hypophysectomy, as 
used here and elsewhere in work coming from this laboratory (Roth- 
child, 1946, a, b, c,: 1947; Rothchild and Fraps, 1947) refers to re- 
moval of the anterior pituitary only. Removals of the posterior pitui- 
tary have been attempted only in some unpublished experiments deal- 
ing with studies on the physiology of oviposition. The posterior pi- 
tuitary was burned away with a cold cautery (the Birtscher “Hyfre- 
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NOTES ON SURVIVAL AND BODY WEIGHT CHANGES 
OF ADULT HENS FOLLOWING HYPOPHYSECTOMY 1 

IRVING ROTHCHILD 2 
From the Bureau of Animal Industry, United States 
Department of Agriculture 

BELTSVILLE, MARYLAND 
INTRODUCTION 

Published information on the survival of chickens after hypopliy- 
sectomy is contained in only 3 papers. Two of these deal with 
immature chickens (Mitchell, 1929; Nalbandov and Card, 1943), 
and one with adults (Hill, Corkill and Parkes, 1934). In Mitchell’s 
study, 160 Brown Leghorn chicks ranging in age from 3 weeks to 5 
months (the majority between 3-6 weeks of age) were hypophysec- 
tomized, and all in which complete removal of the gland was effected 
died within 2 weeks. Nalbandov and Card (1943) made a study of 60 
chicks operated on at 61 days of age. Seven of these died almost im- 
mediately postoperatively, and 16 were found to have been incom- 
pletely hypophysectomized. Of the remaining 37 birds, 70% (26) died 
within the first 30 days, and a total of 86% within the first 60 days 
after operation. Hill, et al. (1934) studied survival in 30 untreated 
completely hypophysectomized adult chickens, and found that 24 
died within the first 48 hours after operation, and the remainder by 
the 31st day after operation. 

° v, of the short-time studies from this laboratory on adult hy- 
. ysectomized chickens had indicated for some time that early 
mortality, though high, was not at all comparable with that obtained 
by Hill, et al. Since relatively long-time studies with hypophysec- 
tomized adult hens were contemplated, it was decided to obtain a 
more complete picture of total survival time in the absence of replace- 
ment therapy, and if possible, of the factors (such as body weighty 
changes) that are associated with, or influence it. These studies are 
reported in this paper. 

METHOD AND MATERIALS 

Operative procedures. Two methods of hypophysectomy were used. The 
transbuccal technique, which has been described in detail by Hill and Parkes 

Received for publication July 26, J°"' - 
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extent of regression of the gonads, adrenals, and thyroids of these birds 
differed in no appreciable respect from those seen in the long-time surviving 
birds that died spontaneously. I feel, therefore, that long time survival is- not 
primarily related to pituitary rests, but is to be considered as part of the 
general pattern of survival following complete hypophysectomy. 

RESULTS 

Mortality 

A. Mortality following transbuccal hypophysectomy . The numbers of 
deaths and mortality rates (percentage of survivors past a given 
period that died in the succeeding period) per week after hypophysec- 
tomy are shown in Table 1. As noted here, 21 of the 111 birds in this 


Table 1. Number of birds dying out of the original 111, and equivalent 

MORTALITY RATES* PER WEEK AFTER TRANSBUCCAL HYPOPHYSECTOMY 


Number weeks after 
hypophysectomy 

Number birds ■ 
dying 

- 

Mortality 

rate* 

1 

46 


41 .5 

2 

10 


15.5 

3 

4 


7.5 

4 

6 


12.0 

5 

9 


20.0 

G 

7 


19.5 

7 

5 


17.0 

8 

1 


4.0 

9** 

2 


8.5 


* Percentage of survivors past a given period that died in the succeeding period. 
** 21 birds lived after the 9th week (see text). 


series lived past the 9th week. Of these one each died in the 27th, 
31st and 34th postoperative weeks, two in the 35th postoperative 
week, and one each in the 38th, 44th, 45th, 58th, 63rd, 82nd, 85th and 
88th weeks. Eight birds in perfectly good health were killed in order 
to obtain their sellae for serial sectioning, and for other reasons. 4 
At the time of autopsy two were in the 23rd, 3 were in the 59tli, and 
one each in the 60th, 64th and 70th postoperative weeks. (See pre- 
ceding section on completeness of hypophysectomy.) 

There was a possibly significant difference in the distribution of 
deaths within the first 9 u r eeks in relation to age, although both year- 
lings (60 birds) and 2-year olds (51 birds) showed approximately the 
same total mortality for this period (yearlings: 81.7%; 2-year olds: 
S0.4%). In the first 2 weeks after hypophysectomy 63% (38) of the 
yearlings, but only 35% (18) of the 2-year olds died; between the 3rd 
and the 9th w r eeks, however, 50% (11) of the surviving yearlings, and 
70% (23) of the surviving 2-year olds died. 

The first 3 days of the first week after hypophysectomy was in 


* Four of these birds were killed in order to obtain their thyroids and adrenals for 

cytological study by Dr. F. Payne, of Indiana University. 
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In contrast to this, in a series of 19 control birds, hypophysectomi zed 
by the transbuccal method at the same time as those in the oral series, 
the numbers lost per successive week from the first to the 9th were as 
follows : 

6, 0, 6, 3, 0, 0, 1, 2, and 1. 

The mortality rate in the first postoperative week in this group of 
birds was thus more than 2.5 times that of the oral series. The distribu- 
tion of deaths within the first week was also quite different in the two 
groups (figure 1). Total mortality, however, was practically the same, 
and was somewhat higher than in the series of 111 transbuccal hy- 


Table 3. Accumulated percentage mortality in the first 10 weeks 

AFTER TRANSBUCCAL AND ORAL HYPOPHYSECTOMY 


Number weeks 
after hypo- 
physectomy 

Transbuccal hypophysectomy 
(130 birds started) j 

Oral hypophysectomy (42 
birds started) 

Number birds 
dead at end 
of week 

Percent of orig- 
inal number dead 
at end of week 

Number birds 
dead at end 
of week 

Percent of orig- 
inal number dead 
at end of week 

1 

52 

40 

5 

12 

2 

62 

48 

8 

14 

3 

72 

55 

19 

45 

4 

81 

62 

2G 

62 

5 

90 

68 

29 

70 

G 

97 

74 

35 

83 

7 

103 

78 

37 

90 

8 

10G 

81 

38 

90 

9 

109 

83 

39 

93 

10 

109 

83 

40 

95 


pophysectomies described above. The differences in early mortality 
between all transbucally and orally hypophysectomized birds and the 
similarities in total mortality are shown in Table 3. 

Body Weight Changes 

The body weight changes of each of the 172 birds used in this study 
were plotted individually, and examined carefully for evidence of a 
consistent pattern or patterns. The following general statements ap- 
ply to all birds, regardless of the method of hypophysectomy. 

1. During the first 3 to 4 days following hypophysectomy there was 
a practically universal drop in tody weight; in about 78% of the birds 
this continued throughout all the first week. 

2. There was a tendency for the body weight to become stabilized 
at about 10-15% less than the original body weight toward the end 
of the first week; the stabilization c v 'f weight continued, barring death, 
until the end of the 9th week (figures 2 and 3). 

3. Death within the first 9 weeks was preceded by a fall in body 
weight from the stabilized level (see-paragraph 2 above), if one had 
been reached, or by a continued fall ftrom the original body weight. 

4. Survival past the 9th or 10th we^k was accompanied by a rise 
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in body weight, starting roughly with the 10th week, and continuing 
until the 23rd week (figure 3). From this' point on body weight again- 
remained stable at about 111% of the original body weight for as 
long as the bird lived, but death within this period was also preceded 
by a fall in body weight. 

5. The total amount of body weight lost up to the time of death 
(expressed as per cent of original body weight) increased throughout 
the first 30 days after hypophyseetomy, and then remained fairly 
constant, although the amount of variation around the apparent 
average was quite large (figure 2). 

DISCUSSION 

The primary intent of the studies described in the preceding pages 
was to establish the general picture of survival time of adult hens, 
maintained without therapy of any kind, after hypophyseetomy. 
From this standpoint, the data presented are probably as satisfactory 
as any. They establish the fact that a definite pattern of survival 
takes place. This pattern has three fairly clearly defined characteris- 
tics; a period of relatively high mortality embracing the first post- 
operative week and followed by a period of reduced mortality; a sec- 
ond period of relatively severe losses extending from about the 3rd 
to the 7th week, in which a major portion of all losses occur; and a 
period of long time survival of birds that live past the 9th~10th post- 
operative week. The data presented should also dispel the belief that 
has existed since R. T. Hill’s work was done that the adult hen is 
unsuitable for studies involving hypophyseetomy because of the ex- 
cessive losses within the first 48 huors. The oral technique for hy- 
pophysectomy permits well over the majority of the birds to live 
without replacement therapy for about 2 weeks after operation, and 
there is ample time within this period for the execution of a variety 
of studies on the physiology of the avian pituitary. 

Although the primary purpose of this study has been accomplished 
many interesting questions have been raised by it. The reduced mor- 
tality in the early period following oral hypophyseetomy as compared 
with that obtained with transbuccal hypophyseetomy, and the im- 
portance of this difference for determining the cause of early postoper- 
ative death; the difference in the distribution of deaths in relation to 
age; the cause of death in the 4th to the 7th week, and the relationship 
between deaths in this period and the failure to maintain a stable 
body weight; the fact that survival past the 9th week is practically 
synonymous with long-time survival, and the correlation between 
long-time survival and increase in body weight are some of the most 
interesting of these. 

Some light is thrown on the question of better early survival fol- 
lowing oral hypophyseetomy by data gathered by Dr. A. Nalbandov 
of the University of Illinois (personal communication). He found 
that hypophysectomized chicks subjected to repeated short periods 
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THYROGLOBULIN FORMATION IN THE THYROID 
FOLLICLE VISUALIZED BY THE “COATED 
AUTOGRAPH” TECHNIQUE 

C. P. LEBLOND and J. GROSS 
From the Department of Anatomy, McGill University 

MONTREAL, CANADA 

The unique histological structure of the thyroid has prompted a 
number of attempts to relate its cytological features to the process 
of hormone formation. However, the theories on the subject (cf. Barg- 
mann, 1939) have left many, so far unanswered questions. For ex- 
ample, do the cells secrete into the circulation or in the direction of 
the colloid? Does this colloid merely represent the site of storage of 
excess thyroid hormone or does it in fact play a role in the formation 
of the thyroid principle? These and similar histophysiological points 
have remained in doubt, presumably because of the limitations of 
classical histology. 

The use of radioactive isotopes of iodine offered a new approach to 
these problems. Radio-iodine may be located in sections of thyroid 
gland by the autographic method, which takes advantage of the ac- 
tion of radio-elements on a photographic emulsion. A review of the 
autographic results obtained to date (Gross’ and Leblond, 1947) 
showed that, within 24 hours after administration, radio-iodine was 
organically bound in the colloid of the thyroid follicle, both in resting 
and stimulated glands. However, the resolution of the earlier auto- 
graphs was poor. It was, therefore, decided to reexamine the entry 
of radio-iodine into the thyroid of the rat by the improved “coated 
autograph” technique (Belanger and Leblond, 1946; Leblond, Perci- 
val and Gross, 1948), under carefully controlled conditions of iodine 
intake, using intact and hypophysectomized rats. The results as re- 
ported below clarified several problems of thyroid histophysiology. 

METHODS 

Two similar series of experiments were carried out with essentially the 
same results; but only the latter will be reported in detail. 

Three month old male albino rats were separated into three groups, in 
one of which the animals were hypophysectomized. One month later, all the 
animals ivere placed on Remington’s low iodine diet (Levine, Remington and 
von Kolnitz; 1933) to which 5% yeast had been added. One of the two intact 
groups received a subcutaneous injection of 20 micrograms of iodine per 
rat per day. Since the diet supplied about 2 micrograms per animal per 'day, 

Received for publication July 29, 1948. 
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precipitated and washed as above. The supernatants and the washed pre- 
cipitates were then counted under the Geiger tube (Table 4). 

RESULTS 

In the animals receiving a moderately high iodine intake, i.e., 20 
micrograms subcutaneously daily, the thyroid follicles had a rather 
low epithelium. The colloid was variable in consistency and stained 
either red and/or green with the Masson trichrome. A fair radio-iodine 


Table 1. The fixation of tracer amounts of radioactive iodine (i 131 ) 

IN THE THYROID UNDER VARIOUS EXPERIMENTAL CONDITIONS 



Approximate 

% injected dose 

Treatment 

iodine intake 

1 hr. after 

24 hrs. after 


(ii gm./day) 

injection 

injection 


Low iodine diet 
+20 ngm. I daily 

22 


2.64 

2.71 

3.20 

3.90 

7.95 

16.82 



Average 

3.11 

Average 12.39 - 

Low iodine diet 

+Hypophysectomy 

2 


0.23 

0.22 

0.10 

0.60 

0.41 



Average 

0.29 

Average 0.41 

Low iodine diet 

Controls 

2 


33.10 

39.10 
52.20 
39.60 

72.00 

46.50 

58.10 

56.00 



Average 41 .00 

Average 58.15 


uptake by these glands was shown with the help of the Geiger counter 
(Table 1). The distribution of the radio-iodine as localized on the auto- 
graphs showed a definite pattern. One hour after the injection, the 
reactions were predominantly in the form of rings indicating the pres- 
ence of iodine in the epithelium of the thyroid follicles (Figs. 1 and 3). 
In thin emulsion preparations viewed under high power, the individual 
silver granules indicative of the presence of radioactivity could be seen 
to occur in the cytoplasm but not in the nucleus. In the more colum- 
nar cells, the granules predominated in the apical region (Fig. 5) ; 
while in the lower cuboidal cells, the radioactivity extended through- 
out the cytoplasm. However, -some of the follicles with a cellular re- 
action also had granules in the peripheral parts of the colloid. Finally, 
some of the more central follicles showed dot-like reactions indicat- 
ing a diffusion of the radioactivity throughout the colloid (Fig. 3). 

In order to estimate the size and relative numbers of the ring-like 
and dot-like reactions, projection drawings of unstained autographs 
were made at a magnification of 200 diameters. Strips through various 
parts of the gland were drawn at random, and a minimum of 350 
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inner regions of the gland had radioactivity extending throughout the 
colloid. 

Twenty-four hours after injection of radio-iodine to the animals 
on the higher iodine intake, the autographic reactions extended to the 
whole colloid of practically all follicles (Figs. 2, 4 and 6). Indeed, most 
of the cells in these animals no longer contained radioactive material. 
It may be noted that the blackening of the colloid in the various 
follicles was quite variable, some of them showing an intense, and 
others, only a slight reaction (Figs. 4 and 13). 


Table 3. The fixation of tracer amounts of radioactive iodine (i 131 ) 
in the guinea pig thyroid after thyrotrophin injection 



Weight of the right thyroid 
lobe after fixation 
(mg.) 

% of the injected dose 
found in the thyroids at 

1 hr. after injection 

Control 

23 

0.39 


31 

0.83 


26 

0.38 


34 

0.53 


28 

0.64 


15 

0.37 


Average 26 

Average 0.52 

Thyrotrophin treated 

23 

3.87 


42 

4.31 


46 

5.19 


53 

3.38 


Average 41 

Average 4.19 


In the hypophysectomized animals, the thyroid epithelium was 
flat, the lumen of the follicle, fairly large, and the colloid, rather 
dense and acidophilic. The radio-iodine uptake, estimated on the 
Geiger counter, was low (Table 1). At one hour after injection, the 
autographs showed the radioactive material mostly present in the 
cells (Fig. 7). At 24 hours, the radio-iodine was still present in the 
cells of most follicles, although a few follicles showed its penetration 
into the colloid (Fig. 8). 

The thyroid glands of the control animals on a low iodine intake 
showed evidence of stimulation. The epithelium was increased in 
height; the follicular lumen was small and contained a rather thin 
colloid, which stained a pale green with the Masson trichrome. The 
radio-iodine uptake was considerable even at 1 hour after injection 
(Table 1). The autographs showed the radio-iodine consistently in the 
colloid at both one and 24 hours after injection (Figs. 9 and 12). 
Central collections of silver granules were found even in those follicles 
in which the lumen was very narrow and the colloid, so scanty as not 
to take up any stain. The absence of autographic reaction over the 
epithelium indicated that the amount of organically bound iodine 
present in the cells was very small or absent (Figs. 11 and 12). 
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ment were homogenized in saline. This saline extract was divided into 
2 aliquots, which were then precipitated with equal volumes of 
saturated ammonium sulphate and Bouin’s fluid respectively (Table 
5). Both reagents were equally effective, precipitating over 90% of 
the total thyroidal iodine. Since half saturated ammonium sulphate is 
used to isolate thyroglobulin from the thyroid (Oswald, 1899; Riviere, 
Gautron and Thely, 1947), it was thus shown that the iodo-protein 
precipitated by Bouin’s fluid was also thyroglobulin. 

DISCUSSION 

It should be emphasized that the amount of radioactive iodine 
administered to the animals consisted of a very small or “tracer” 
dose of iodide. This dose had an iodine content of about O.Oljig. or 
less, i.e., an amount of iodine too small to interfere with the normal 
metabolism of this element. The injected radio-iodide, mixing with 
the body iodide as it enters the circulation, will serve as an indicator 
of the behavior of iodide under physiological conditions. 

Apparently the circulating iodide originates from two sources; the 
diet, and the breakdown of the iodinated products of the thyroid. 
Since a breakdown to iodide was observed after administration of di- 
iodotyrosine (Leblond and Sue, 1942), thyroxine (Gross and Leblond, 
1947, b) and even iodo-proteins (unpublished results), this is likely to 
take place with the thyroid hormone after it has been secreted. The 
supply of iodide from the diet seems to be fairly continuous since the 
rat stomach contains some food at any time of the day. Both sources 
of iodide should provide a relatively steady supply of iodide to the 
circulation. Therefore, while the radio-iodine reveals a sequence of 
events beginning at the time of injection, the relative constancy of 
the iodide supply is such that the sequence of events visualized with 
radio-iodine repeats itself indefinitely. 

The radio-iodine producing the autographic reactions must be in 
a chemical form that is insoluble in the reagents used for routine 
histological processing. Since it must be neither water nor fat soluble, 
it seems unlikely that it exists as iodide, or in small organic molecules 
such as diiodotyrosine or thyroxine. This was demonstrated at least 
in the case of iodide and thyroxine, which may be extracted from the 
tissues by several of the reagents used in histological-technique (un- 
published experiments).' On the other hand, proteins are usually pre- 
cipitated during histological fixation and thus may be retained in his- 
tological sections. Thus it was found that the thyroidal radio-iodine 
was precipitated equally well by both Bouin’s fluid and half-saturated 
ammonium sulphate (Table 5). Since the latter reagent has been 
shown to precipitate almost all of the iodine of the thyroid as thyro- 
globulin (Oswald, 1899; Riviere, Gautron and Thely, 1947) it was 
assumed that the autographic reactions were due to the iodine present 
in this iodoprotein. Further, since short time intervals after injection 
were used, the autographs were taken to indicate the presence of newly 
formed thyroglobulin. 
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loid occurred so rapidly that at no time after injection the cells con- 
tained sufficient radioactive material to give a clearcut autographic 
reaction. 2 However, the results did not eliminate the less likely possi- 
bility that cells in the stimulated thyroids merely collected iodide 
from the blood to deposit it into the colloid where iodination would 
take place. At any rate, in stimulated thyroids as in the more resting 
glands of the iodide treated and hypophysectomized animals, the end 
result of the process was the accumulation of radioactive thyro- 
globulin in the colloid. 

The evidence presented above indicated a definite polarity of the 
tigroid ceil in its metabolism of iodine : that is to say, iodide entered 
the cell from the circulation, and was deposited as iodinated protein 
into the lumen of the follicle. This orientation of the thyroid cell 
toward the colloid was in agreement with the usual morphological 
criteria that Golgi apparatus, secretions droplets, cytocentrum and 
terminal bars are located between the nucleus and the secretory pole 
of the cell. Thus, it has been shown that terminal bars and cjdo- 
centrum were close to the membrane separating the cell from the 
colloid (Cowdry, 1921; Wahlberg, 1933; Bargmann, 1939). Further- 
more. with the exception of flat cells, where a clearcut localization was 
not apparent, it was our experience as well as those of most authors 
to find the Golgi apparatus between the nucleus and the lumen 
(Okkels, 1931; Bargmann, 1939). The same might be said to colloid 
droplets which, in addition, increased in size as they came closer to the 
inner cell membrane. 3 

A careful examination of the slides obtained from the iodine-treated 
and control animals revealed that all follicles had formed some thy- 
roglobulin as early as 1 hour after administration of radio-iodine. 
Similar observations were made under various experimental condi- 
tions in rats as well as in guinea pig, mouse, rabbit, man, etc. . . .(un- 
published results) . The only exceptions encountered were in old indi- 
viduals and in hypophysectomized animals in whom some of the 
follicles had not fixed a detectable amount of radio-iodine after this 
time interval. In both cases, the extreme slowing down of the gland 
activity was presumably the cause of the lack of uptake. At any rate, 
the entry of tracer iodine in all follicles of young adult rats within 1 
hour after administration indicated that at all limes all follicles were 
active in building up thy ro globulin and depositing it into the colloid. 

This very simple observation made it possible to eliminate the 
theories of thyroid function based on a “reversal” of the activity of 

2 The laws of biological precursors (Zilversmit, Entenman and Fishier, 1943) require 
that the bound iodine in the cells, being precursor of that in the colloid, have a higher 
specific activity. This condition may be fulfilled even with a low concentration of 
radioactivity in the cells provided their I 127 content is low enough in relation to that of 
the colloid. 

The presence of iodine in the epithelium has been shown by Gersh and G'aspersson 
(1940). 

3 Biondi (1892); Uhlenhuth (1923); Scveringhaus (1933); Wahlberg (1933); dc 
Robertis (1941a, 1942); Grasso (194G); Dvoskin (1947); etc. . . . 
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Plate 2 

H. E. stained coated autographs of thyroids from rat treated with 20 micrograms of 
iodine daily*. 

Fig. 3. The animal was sacrificed 1 hour after injection of radio-iodine (Animal C, 
table 2). Note both rings and dots. XI 25. 

Fig. 4. The animal was sacrificed 24 hours after injection of radio-iodine. The 
photographic reaction ;is present over the colloid, although its intensity varies greatly 
in the different follicles. XI 25. 
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II. E. stained coated autographs of thyroids of intact, rats on iodine deficient, diet — 
short exposures. 

Fig. 9. The animal was sacrificed 1 hour after radio-iodine inject ion. The cells are 
large and show no reaction. Whenever the small colloid lumen happens to he in the 
plane of section, a reaction is apparent therein. X125. 

Fig. 10. The animal was sacrificed 24 hours after radio-iodine injection. Same as 
above. X125. 

Fig. 11. The animal was sacrificed 1 hour after radio-iodine injection. A larger 
magnification confirms that the cells do not contain enough radioactivity to produce a 
photographic image in excess of the background fog during the short- exposure. X400. 

Fig. 12. The animal was sacrificed 21 hours after radio-iodine injection. Same as 
above. X400. 
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dry’s finding (1922) that the Golgi apparatus, although usually apical, 
may be basal in some cases, and from Bensley’s observation (1916) 
of colloid-like droplets at the base of the cells. The success of this 
theory was, however, not supported by more than presumptive evi- 
dence. Thus the finding of only one basal Golgi in about 500 cells in 
the case of Cowdry’s observations (1921) was hardly indicative of 
colloid resorption. 5 As for Bensley’s droplets (1916), in our experience 
they appeared watery and not colloid-like and at any rate, no valid 
reason existed to link them with secretion into blood velssels. Since 
the present observations showed that all follicles were in the process 
of transforming the newly entering iodine and secreting it into the 
colloid, none could be said to have shifted from secretion to "reab- 
sorption” of colloid. Therefore, no support for the reversal theories 
was offered by these results. 

Since the rings indicative of a cellular localization of neo-thyro- 
globulin appeared as continuous closed rings (Fig. 1), all the cells of 
each follicle must have been working during the short period of 
time — one hour — between radio-iodine injection and autopsy of the 
animals. Similar observations have been made previously in 2 series 
of rats on a “Purina Fox Chow” diet sacrificed a half hour after radio- 
iodine injection (see Fig. 70 in Gross and Leblond, 1946). Since these 
results were obtained with a tracer dose over a rather short period 
of time, it could be concluded that at all limes all the cells in the ring- 
reacting follicles {and by inference in all follicles) were continuously 
active. This result made it possible to disregard the theories assuming 
that only some cells were active at a time-, and especially the hypothe- 
sis that the so-called “colloid cells” were responsible for the secretion 
.of the thyroid gland. 5 

' Most follicles with intra-cellular radioactivity showed a fairly 
even distribution of the reaction throughout their epithelium and 
therefore, all the cells in any given follicle must have been working 
at a fairly similar rate. The only exception was found in the peripheral 
follicles which exhibited a somewhat greater deposition of material on 
the side closest to the center of the gland (Fig. 1). Possibly, the lesser 
development of the circulation under the capsule may explain the 
smaller reactions in this location, since a decrease in circulation should 
result into a decreased supply of thyrotrophic hormone, iodide and 
general nutrients. 

It should be emphasized that the rate of iodine incorporation was 
different in various parts of the gland. Thus, in general, the more 
central follicles made and deposited thvroglobulin more rapidly than 

1 Giroud (1920) and Turcliini (1927) have demonstrated that the inversion of the 
Golgi apparatus, such as described by Cow-dry, was due to mechanical factors. Okkels 
(1931) confirmed the work of these authors and concluded from studies on normal and 
pathological glands that the Golgi apparatus changed in size with changes in cellular 
activity, but remained apical, a fact also noted bv Wahlberg (1933). 

* I-angendortT (1SS9); Takagi (1922); Fiorcntin (192S); Webster (1933); Gilmore 
et al. (1910); Barba (1946). 
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did the follicles situated just under the gland capsule or at the isthmus 
(Figs. 1, 3, and 13; Table 2). Besides regional differences, individual 
follicles showed marked variations in thyroglobulin formation (Figs. 4 
and 13). In general, the follicles elaborating more thyroglobulin 
stained green with Masson’s trichrome and may be labeled basophilic, 
while the less active ones usually stained red and may be labeled 
acidophilic (Fig. 13). This result confirmed previous observations 
indicating a more rapid iodine turnover in the basophilic than in the 
acidophilic follicles (Leblond, 1943, 1944). It may be noted however, 
that individual differences were less pronounced in the follicles of the 
stimulated glands. At any rate, each follicle had individual character- 
istics which at least in certain locations, such as the periphery of the 
gland or the isthmus, appeared definitely fixed. From these various 
observations, it seemed likely that each follicle maintained its own 
rate of formation of thyroglobulin. 

So far, the excretion of the hormone out of the follicle has not been 
considered. One of the prevalent opinions on the subject has been that 
the thyroid cell secreted directly into the circulation, while the colloid 
lumen functioned as storage space (Bensley, 1916; Bargmann, 1939). 
Wegelin (1926) considered this possibility as arising only in the case 
of stimulated glands. However, the finding that the radio-iodine was 
fixed in large amounts by the stimulated thyroid gland within 15 
minutes after injection (Table 4), while no radioactivity above the 
level of experimental error could be detected in the organic fraction of 
the blood, was not in favor of a direct secretion into the circulation. 
On the other hand, it has never been possible to detect the presence 
of thyroglobulin itself in the blood plasma (Lerman, 1940). It was 
therefore concluded that the thyroid cell was secreting only in the, 
direction of the colloid. 

Whatever the rate of entry of organic iodine into the colloid lu- 
men, maintenance of the steady state made it imperative that it be 
equal to the iodine output. Furthermore, since all follicles were con- 
tinuously elaborating thyroglobulin, the release of the iodinated hor- 
mone into the circulation must have taken place while thyroglobulin 
was being made and secreted into the colloid. An explanation of excre- 
tion fitting these requirements was afforded by the hypothesis of de 
Robertis (1941b; Dziemian, 1943; de Robertis and Nowinski, 1946) 
assuming a rapid breakdown of thyroglobulin by enzymatic proteoly- 
sis in the colloid. In agreement with this theory, a substance with 
thyroxine-like properties, possibly thyroxine itself (Leblond and 
Gross, 1948) was found in thyroid tissue resulting probably from 
the proteolysis of thyroglobulin. In view of their small size such frag- 
ments should diffuse out of the follice more easily than the large 
molecule of thyroglobulin. Indeed, thyroxine-like substances have 
been recovered from the plasma by Trevorrow (1939), Taurog and 
Chaikoff (1947) and Leblond and Gross (1948). 

It may be helpful for the imderstanding of the follicle function to 
remember its entodermal origin and to venture a comparison with the 
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intestinal epithelium, whibh secretes proteins (enzymes) into the lu- 
men in a direction consistent with the histological polarity of its cells, 
and at the same time resorbs from the lumen smaller molecules result- 
ing from. digestion (amino acids, . . . )• Similarly, the thyroid epithe- 
lium secretes a protein (thyroglobulin) into the follicle lumen and at 
the same time resorbs smaller molecules probably thyroxine itself. 

SUMMARY 

The entry of radioactive iodine into the thyroid was observed by 
means of the autographic technique in the thyroids of animals kept 
under the following conditions: a — Rats on a low iodine intake, b — 
Rats receiving about 22 jugm. of iodine daily, c — Hypophj’sectomized 
rats on a low iodine intake and d — Guinea pigs receiving thyrotrophic 
hormone. The autographic reactions were shown to be due to radio- 
iodine present as thyroglobulin. 

In the animals receiving 22 p gm. of non-radioactive iodine daily, 
the radioactivity is mostly present in the epithelium at 1 hour (Figs. 
1, 3, and 5), and in the colloid at 24 hours after injection (Figs. 2, 4 and 
6). In the iodine-deficient group, the deposition of radio-iodine into 
the colloid was much accelerated, since it was found there as early as 
2 minutes after injection (Fig. 14). A rapid deposition is also found 
in the tliyrotrophin-treated animals. In the hypophysectomized 
group, the deposition of radioactivity into the colloid is depressed, 
since the radioactive material is still present in the cells at 24 hours 
after injection (Figs. 7-8). These results indicate that thyroglobulin 
is formed in the cells and is released into the colloid, this sequence 
being most rapid in active thyroids and slow after hypophysectomy. 

The secretion polarity of the thyroid cell in the direction of the 
colloid, suggested by the above data, is further demonstrated by the 
presence of a considerable amount of radio-iodine in the colloid at 2, 
7 and 15 minutes after injection, although no significant amount of 
protein bound iodine can be detected in the blood at that time. 

The presence of radioactivity in all follicles as early as 1 hour and 
in one case 2 minutes after radio-iodine injection (Fig. 14) shows that 
all follicles in any gland are active at all times in fixing iodine. How- 
ever, the rate of iodine fixation by the various follicles is variable 
(Fig. 13); thus, in the rat less active follicles are located under the 
capsule and in the. isthmus of the gland. 

From the data presented, it seems likely that circulating iodide is 
continuously bound to protein (i.e., thyroglobulin) in the cytoplasm 
of the thyroid cell. This thyroglobulin is continuously deposited in 
the colloid of the thyroid follicle. Excretion of the thyroid hormone it- 
self probably results from the proteolytic breakdown of thyroglobulin 
in the colloid and the diffusion of the resulting fragments through the 
epithelial wall of the follicle. 
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MECHANISMS OF DESOXYCORTICOSTERONE 
ACTION: EFFECTS OF LIVER PASSAGE 

D. M. GREEN 

From the University of Washington School of Medicine 

SEATTLE, WASHINGTON 

The evocation of hypertensive cardiovascular renal disease in 
experimental animals through desoxycorticosterone administration 
suggests that essential hypertension and its sequellae maj^ be the 
result of increased activity by endogenous salt-retaining corticoster- 
oids. Such a possibility does not necessarily imply greater production 
of cortical substances but might represent a defect in removal. 

Detoxification of gonadal steroids is accomplished in the liver 
(Engel, 1944; Kochakian, Haskins and Bruce, 1944; Kriehesky, 
Benjamin and Slater, 1943). The experimental data relative to the 
adrenal steroids are somewhat equivocal. The inactivity of desoxy- 
corticosterone when orally administered (Kuizenga, Nelson and Cart- 
land, 1940), its chemical similarity to progesterone and the identity 
of- at least one of the detoxification products of both substances 
(Hoffman, Kazmin and Browne, 1943) suggest a common metabolic 
pathway through the liver. This supposition is supported by the 
decreased growth and survival rates of adrenalectomized animals 
when desoxycorticosterone pellets are implanted in the mesentery or 
spleen rather than in the subcutaneous tissues (Eversole and Gaunt, 
1943). Whole cortical extract, in contrast, is active when given by 
mouth and relieves the symptoms of Addison’s Disease, although the 
dose must be increased three- or four-fold (Thorn, Emerson, and 
Eisenberg, 193S). Furthermore adrenal cortical transplants show evi- 
dences of biologic activity when grown in the mesentery of the host 
animal (Eversole, Eddman and Gaunt, 1940). 

The sum of these results would seem to indicate that the passage 
of corticosteroids through the liver results in detoxification but not 
to the extent of preventing the maintenance of life. Survival and 
growth, however, may be accomplished by the escape of small quan- 
tities of active steroids into the circulation, while large amounts 
would not enhance these effects proportionately. Consequently, it 
was considered desirable to re-evaluate the role of the liver in the 
removal of desoxycorticosterone by measuring the effects of hepatic 
passage on those actions seen at pathologic dosage levels, the intensi- 
ties of which are more or less proportional to the quantity of circulat- 
ing ding. 

ttcccived for publication July 29, 194S. 
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Continuous administration of high desoxycorticosterone dosages 
through the use of subcutaneous implants is followed by a progressive 
elevation of fluid intake, complete in approximately ten days (Green 
and Glover, 1948; Green, Coleman and McCabe, in press). The 
new level of intake is related to that of controls of the same weight 
by a ratio fixed by the drug dosage and the degree of supplementary 
sodium chloride administration (Green, Coleman and McCabe, in 
press). 

Hypertension develops in such implanted animals subsequent to 
the attainment of the new fluid intake level (Green and Glover, 1948; 
Green, 1948). When single 20 mg. pellets are used, the blood 
pressure climbs slowly and reaches a maximum in approximately 
three months. The hypertension is attended by cardiac and renal 
hypertrophy (Green, Coleman and McCabe, in press). Some ani- 
mals die during the period of most intense blood pressure eleva- 
tion. All of these manifestations are intensified if isotonic sodium 
chloride solution is substituted for drinking water (Green, Coleman, 
and McCabe, in press). 

The degree to which these toxic actions are influenced by the pas- 
sage of desoxycorticosterone through the liver is the subject of this 
report. 

procedure 

Single 20 mg. DCA pellets were implanted in the spleen of 5 half-grown 
rats of the Sprague-Dawley strain. Five control animals underwent a sham 
operation. Single 20 mg. pellets also were implanted in 10 animals sub- 
cutaneously. Eight normal animals served as controls for the latter group. 
All animals were kept in separate cages and were fed Purina Laboratory 
chow ad libitum. Isotonic (0.86%) saline solution was substituted for drink- 
ing water. Fluid intake was measured daily and weight weekly. At the con- 
clusion of the 12-week period, previously shown to be the time required for 
the development of maximum blood pressure elevation under the circum- 
stances described, multiple blood pressure readings were made on all surviv- 
ing animals. The animals were then sacrificed and organ weights were deter- 
mined. 

RESULTS 

The fluid, intake of animals subcutaneously implanted with pellets 
showed a prompt rise, maximal between the first and second weeks. 


Table 1. The effects of intrasplenic implantation of dca pellets on the blood 

PRESSURE OF RATS AS COMPARED WITH SUBCUTANEOUS IMPLANTATION. 


Drinking Fluid 

> 

No. of Animals 

Average 

(0.86% NnCl) 

Blood Pressure 

One 20 nig. DCA Implant Intrnsplenically 

4 

128 

One 20 mg. DCA Implant Subcutaneously 

5 

180 

Controls: 

12 

114 
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This new level of intake, approximately twice that of the controls, 
was maintained throughout the experiment (Fig. 1). 

By comparison, the change in the fluid consumption of animals 
implanted intrasplenically was minor. The maximum level of intake 

RATIO OF INTAKE, TEST GROUP, 

TO INTAKE, CONTROL GROUP 



NaCl). 


differed from that of the sham operated group by approximately 10 
per cent and was not sustained. 

The average maximum blood pressure of the animals subcutane- 
ously implanted was 180 mm. mercury as compared with 12S mm. for 
those implanted intrasplenically (Table 1). The average of all control 
blood pressures was 114 mm. mercury. 

Four of the 5 animals implanted intrasplenically survived the 


Table 2. Percentage heart and kidney -weights in rats following intrasplenic 

IMPLANTATION OF DCA PELLETS AS COMPARED WITH SUBCUTANEOUS IMPLANTATION. 


Drinking Fluid i 

Percentage ! 

Percentage 

(O.SG% NaCl) 

Heart Weight | 

Kidney Weight 

One 20 mg. DCA Implant Intrasplenically 

0 .30 | 

1.01 

One 20 mg. DCA Implant Subcutaneously 

0.92 

j 1 .29 

Controls: 

i 0 .33 

0.90 











32S 


GREEN 


Volume 43 


entire period of study. One of this group died subsequent to the oper- 
ative procedure, as did one of the sham operated animals. In contrast, 
only one half of the subcutaneous^ implanted group survived the 12- 
week period. The others died at intervals during the second and the 
third months following implantation. 

The ratios of heart and kidney weights to body weight of the 
animals implanted intrasplenically did not differ materially from those 
of controls (Table 2). When pellets were placed under the skin, how- 
ever, these organs became uniformly hypertrophied. The percentage 
weights of animals in this group which died spontaneously seemed to 
be exaggerated in some instances by the weight loss which preceded 
their death. 

Inspection of the implantation sites at autopsy indicated that the 
intrasplenic pellets had been absorbed somewhat more completely 
than those placed under the skin. 

SUMMARY AND CONCLUSIONS 

The marked alterations in fluid exchange, blood pressure, organ 
weight and survival which followed the subcutaneous implantation 
of 20 mg. DCA pellets in growing rats were reduced to minor values 
when pellets of the same size were implanted intrasplenically. It was 
concluded that the rat liver possessed a capacity for detoxifying des- 
oxycorticosterone in quantities potentially capable of producing hy- 
pertensive disease and its organic sequellae. No evidence was secured 
to indicate effective use of this capacity when the drug was introduced 
outside of the portal circulation. The failure of the liver to protect 
the animal from subcutaneous DCA pellets probably was attributable 
to the relatively small fraction of the systemic blood flow which passed 
through the hepatic and portal vessels during any one circulation. 
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ANTERIOR PITUITARY GROWTH PREPARATIONS: 
THE RELATIONSHIP BETWEEN NITROGEN 
STORAGE AND OTHER CRITERIA 
OF ACTIVITY 1 

PAUL D. BARTLETT and 0. H. GAEBLER 

From the Edsel B. Ford Institute for Medical Research, Henry Ford 
Hospital, and the Department of Chemistry, Wayne University 

DETROIT, MICHIGAN 

Results of earty experiments with anterior pituitary growth prep- 
arations led to a series of well correlated findings. In spite of a large 
increase in the metabolic rate, nitrogen storage was produced with 
the food intake constant. The increased caloric requirement was 
met by oxidation of fat (Gaebler, 1933). Storage of nitrogen was ac- 
companied by increase in weight, and by diminished excretion of in- 
organic sulfate and phosphate (Gaebler and Price, 1937), suggesting 
synthesis of proteins, of other compounds containing nitrogen and 
sulfur, or of phosphorus compounds. Moreover, results in the absence 
of the thyroid, parathyroids, pancreas, and adrenals (Gaebler and 
Robinson, 1942) indicated that part of the effect on nitrogen storage 
might well be produced in the tissues themselves. On the basis of this 
experience it appeared to us that growth preparations, as distinct 
from purified growth hormone, might continue to be of value in study- 
ing the mechanism by which nitrogen storage is produced. 

In such experiments, nitrogen storage would seem to be the logi- 
cal test for activity of the preparations used, unless all assays jdelded 
concordant results, whether based on weight, nitrogen storage, or 
urinary phosphate in dogs, the gain of weight in plateaued rats (Marx, 
Simpson, and Evans, 1942), or the epiphyseal disc response in liy- 
popliysectomized rats (Evans, Simpson, Marx, and Kibrick, 1943). 
In this event the determination of urinary phosphate in dogs receiving 
growth preparations would be the simplest assay. Gordan, Bennett, 
Li, and Evans (194S) obtained good correlation between the effects 
of purified growth hormone on weight and nitrogen storage in rats. 
In recent work on dogs, with assayed growth preparations supplied 
by several reliable firms, 1 we were at first unable to obtain correlation 

Received for publication July 2S, IRIS. 

1 The data in this paper arc taken from Part 2 of a thesis submitted by one of us 
(P. 1), B.) to the Graduate Council of Wavne University in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy in Chemistry. 

: The authors are greatly indebted to Dr. D. A. McGintv and Sir. L. W. Donaldson 
of Parke, Davis and Company, and to the late Dr. F. C. Koch, ns well as to Drs. John 
R. Mote and Paul L. Munson of Armour and Company, for supplying assayed prepara- 
tions. 
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between any of the five assays mentioned above. In the end, however, 
the value and limitations of nitrogen storage, gain in weight, and 
urinary phosphate as criteria of activity became fairly clear. 

DIETS AND METHODS 

Diet 1 consisted of beef heart trimmed free of fat, cracker meal, and bone 
meal. Constancy in a given experiment, and adaptability to caloric require- 
ments of different animals, was provided for as follows: 7000 gm. of 
trimmed beef heart was ground, mixed with 420 gm. of bone meal, and put 
up in 193 gm. packs which -were frozen until required. A mixture of 1630 gm. 
of ground trimmed beef heart and 3080 gm. of cracker meal, dried to 85 per 
cent of its original weight, was refrigerated in air tight cans. Each animal 
received daily one pack of beef heart and an amount of the mixture suited 
to its caloric needs. Diet 6 consisted of casein, 36 per cent; cracker meal, 36 
per cent; corn oil, 20 per cent; powdered brewer’s yeast, 4 per cent; and 
Pliillips-Hart (1935) salt mixture, 4 per cent. All animals received 3 drops of 
haliver oil daily. 

Analytical methods were the same as in earlier studies already cited. 
Complete nitrogen balances were done in some experiments, but nitrogen 
storage was usually calculated from the urine nitrogen alone, since earlier 
work had justified this procedure. The average of 5 or more days preceding 
injection was taken as the control level of nitrogen output. Since loss of 
nitrogen was frequently observed during the first 24 hour period following 
injections, irrespective of the preparation tested, this day was excluded from 
calculations. The period for which storage was computed ended when the 
urine nitrogen returned to or exceeded the control level, and was thus of 
variable length. Food intake was constant throughout control and experi- 
mental periods of each test. 

RESULTS 

The first 6 experiments shown in Table 1, hitherto unpublished, 
were carried out many years ago with an early type of preparation 
and diet 1. The amount of nitrogen stored varied greatly in individual 
experiments, although the diet, growth preparation, and dosage were 
the same throughout. However, the average amount of nitrogen 
stored per kilo is nearly identical for dogs 1 and 4, — 0.502 and 0.498 
gm. This calculation was suggested by the statement of Kochakian 
(1946) that the maximal rate of nitrogen storage produced bj' steroid 
hormones is directly proportional to weight in dogs. In the last 2 ex- 
periments in Table 1, the latest tjqie of preparation and diet 6 were 
emploj'ed. Storage of nitrogen is again in the vicinity of 0.5 gm. per 
kilo. We therefore consider a preparation highly active if, when a 
200 mg. dose is injected subcutaneously into dogs receiving a complete 
diet containing 10 gm. or more of protein nitrogen per day, it produces 
nitrogen storage of 0.5 gm. per kg. This may well be a maximal re- 
sponse. Before attempting to convert the procedure into an assay 
by using successively smaller amounts of the preparation, it seemed 
judicious to examine the relationship between nitrogen storage and 
other effects. 



November, 1948 ACTIVITY OF GROWTH PREPARATIONS 331 

Iii pair fed rats receiving unpurified growth preparations (Lee and 
Shaffer, 1934) the excess weight which was added contained 4.S per 
cent of nitrogen, as determined by actual analysis. Correlation of 
observed and calculated weight increase in rats receiving purified 
growth hormone (Gordan, Bennett, Li, and Evans, 1948) was ob- 
tained by assuming 16 per cent of nitrogen in protein and 20 per cent 
of protein in tissue, thus 3.2 per cent of nitrogen in the added weight. 
In our experiments on dogs receiving large single injections of growth 
preparations the amount of nitrogen stored per 100 gm. of gain in 
weight is much less (Table 1, second last column). In other words, 
gain in weight was 38 to 71 per cent greater than would be predicted on 
the basis of 3.2 per cent of nitrogen. Thus nitrogen stored per 100 gm. 


Table 1. Storage of nitrogen and increase in weight following single 
LARGE INJECTIONS OF ANTERIOR PITUITARY GROWTH PREPARATIONS 


Dog 

No. 

Weight 

kg. 

Diet 

Prep- 

aration 

Date 

Nitrogen Stored 

Grams 

Total Grams per 100 
gm. per kg. gm. gain 

in wt. 

Weight 

gain 

gm. 

1 

21.2 

1 

095052A 

5-12-32 

14.38 



453 

1 

20.8 

1 

095052A 

6- 4-32 

9.37 



566 

1 

23.5 

1 

095052A 

11-17-32 

9.08 



398 

Average 

21. S 




10.94 

.502 

2.32 

472 

4 

22.3 

1 

095052A 

6-21-32 

7.40 



453 

4 

24.4 

1 

095052A 

10-19-32 

14.63 



680 

4 

23.9 

1 

095052 A 

1-26-33 

13.06 



740 

Average 

23.5 




11.70 

.498 

1.8S 

624 

44 

16. 2 

6 

0997S3 


7.54 

.465 

2.04 

370 

42 

16.45 

6 

099S16 


9.94 

.604 

1.74 

570 

Average 






.535 

1.S9 

470 


All injections were given subcutaneously. In each of the first 6 experiments, dogs 1 
and 4 received 50 cc. of the same preparation of Antuitrin G. In each of the last 2 ex- 
periments, dogs 44 and 42 received 200 mg. of preparations also made by Parke, Davis 
and _Co., but according to the recent procedure of Fishman, Wilhelmi, and Russell 
(1947). These preparations assayed 1485 and 1361 r.c. respectively. 


of gain in weight has been found to vary from 3.2 to 4.S gm. in the 
same species, and from less than 2 gm. to 4.8 gm. in different species, 
under varied experimental conditions which can be standardized. 

Difficulties which came to light in the following experiments are 
perhaps more serious. That anterior pituitary preparations may con- 
tain substances producing nitrogen loss is shown in Table 2. The prep- 
arations injected were made as nearly as possible in the same way as 
the Antuitrin G used in experiments shown in Table 1. Although diet 
6 had proven satisfactory (Table 1), we assured ourselves that sup- 
plementing it with 50 mg. of riboflavin daily made no difference, for 
diet’ 1 contained a great deal of beef heart, which is very rich in this 
factor. In Table 3 a comparison of preparations from two firms is 
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presented. Preparation G-731, supplied by Parke, Davis and Com- 
pany, and found by them to assay 1150 R.u. per gm., was completely 
ineffective in dog 41 when given in 100 and 200 mg. doses. In dog 42, 
some nitrogen was stored, but there was loss in weight. Referring 
again to Table 1, it will be seen that maximal nitrogen storage was 
produced by preparations only 18 to 29 per cent more potent as as- 


Table 2. Showing that anterior pituitary preparations prepared in the same 

MANNER AS HIGHLY POTENT GROWTH PREPARATIONS PRODUCED NITROGEN LOSS 


Preparation 

Source 

Dog 

Weight 

kg. 

Diet 

Nitrogen Stored 

Total gm. Gram per kg. 

099506 

hog 

41 

15.4 

6 

-5.86 

-0.380 

099507 

hog 

41 

15.2 

6 

-5.30 

-0.349 

099507 

hog 

42 

1G.1 

6 

0.86 

0.053 

099529 

beef 

42 

16.0 

6 

2.50 

0.156 ■ 

099507 

hog 

41 

15.0 

6R 

-8.80 

-0.587 

099529 

beef 

41 

14.5 

6R 

0.54 

0.037 

09950G 

hog 

42 

15. S 

6R 

-1.64 

-0.104 

099529 

beef 

42 

15.9 

6R 

-2.45 

-0.154 


Diet 6R consisted of diet 6 plus 50 mg. of riboflavin daily. 

In each experiment, 40 cc. of anterior pituitary extract equivalent to 20 gm. of fresh 
anterior lobes was injected. 


Table 3. Comparison of nitrogen storage produced by two preparations of 

SIMILAR POTENCY AS JUDGED BY OTHER METHODS OF ASSAY 


Dog 

Weight 

kg. 

Diet 

Prep- 

aration 

Dose 

mg. 

Nitrogen Stored 
Total Grams 

gm. per kg. 

Weight 

change 

kg. 

41 

15.7 

6 

G-731 

100 

0.61 

0 .039 

0.0 

41 

15.7 

6 

G-731 

200 

0.39 

0.025 

-0.1 

42 

15.4 

1 

G-731 

200 

3.42 

0.222 

-0.2 

42 

15.0 

1 

R-95 

195 

9.71 

0.648 

0.0 


Preparation G-731 was lyophilized extract of hog anterior lobes and assayed 1150 
r.u. per gm. After the above experiments, on Aug. 15, 1947, it assayed 41 epiphyseal 
disc units per mg. Preparation R-95 assayed 45 epiphyseal disc units per mg., ±28%, 
some time before, and 30 epiphyseal disc units, ± 19%, on Aug. 15, 1947, after the above 
experiments. 


sayed in the same laboratory. Since maximal nitrogen storage was 
produced with preparation R-95 from Armour and Company, per- 
mission was secured to send preparation G-731 to that firm for com- 
parison with R-95 in the same laboratory. As stated in the footnote 
to Table 3, preparation G-731 was, in epiphyseal disc units, at least 
as potent as R-95. It should also be noted that the large nitrogen stor- 
age obtained with the latter preparation was unaccompanied by 
change in weight. 

In Table 4 are recorded the results of two injections of an unsatis- 
factory growth preparation. Nitrogen was lost in each experiment, 
yet urinary phosphate fell quite definitely in both. The same anomaly 
was observed in 6 other experiments with various anterior pituitary 
preparations. In earlier experiments (Gaebler and Price, 1937), which 
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included phosphorus balances, there was a general parallelism between 
nitrogen and phosphate output in the urine. It was noted, however, 
that while the loss of nitrogen so often seen on the day of injection 
was accompanied by increased output of inorganic sulfate there was 
a fall in phosphate excretion on this day. The general parallelism was 
therefore not accepted as evidence for synthesis of nucleo-protein. It 
may be mentioned here that deposition of calcium phosphate, though 
part of the growth process, is not necessarily synchronous with nitro- 
gen retention. 

The explanation that growth preparations may contain substances 


Table 4. Diminished urinahy phosphate excretion after injection of 

ANTERIOR PITUITARY PREPARATIONS WHICH CAUSED NITROGEN LOSS 


Day of 
experiment 

Water 
intake, 
cc. per day 

Urine vol., 
cc. per day 

Weight 

kg- 

Total urine 
nitrogen, gm. 

Total urine 
inorganic 
phosphate, 
gm. as P. 

1 

1160 

765 

15. SS 

S.53 


2 

1260 

780 

15. SS 

9.23 


3 

1235 

620 

15.76 

9.12 

0.S5 

4 

1365 

680 

15. SS 

S.95 ' 

0.81 

5* 

1620 

1030 

15.76 

10.91 

0.82 

G 

2690 

1940 

15 76 

10.60 

0.39 

7 

2680 

1480 

15.65 

8.92 

0.49 

8 

1745 

1100 

15 65 

8.46 

0.54 

9 

1285 

1040 

15.76 

9.55 

0.69 

10-12 

1210 

610 

15.92 

9.15 

0.76 

13-15 

1030 

455 

15.92 

8.15 

0.63 

10** 

1940 

910 

16.33 

10.20 

0.59 

17 

1400 

1365 

15.99 

10.42 

0.48 

18 

1470 

9S0 

15.88 

9.02 

0.61 

19 

1015 

coo 

15. SS 

S.9G 

0.76 

20 

1145 

610 


S.56 

0.74 

21 

950 

4 SO 

15.99 

9.16 

0.70 


* 20 cc. of aqueous alkaline hog anterior pituitary extract No. 099506 injected sub- 
cutaneously. The injection was repeated on the 0th day. 

** 20 cc. of aqueous alkaline beef anterior pituitary extract No. 099529 injected 
subcutaneously. The injection was repeated on the 17th day. The animal received diet 
6R (sec footnote, Table 2) during both experiments. 


which cause nitrogen loss when large single injections are given seems 
to cover most of the irregularities which we observed, and is supported 
by the data in Table 2. Since the newer preparations with which we 
had difficulties were much more highly purified than older prepara- 
tions, we considered the alternative possibility that both nitrogen 
storage and gain in weight are effects of synergistic substances which 
can become separated. However, production of well correlated nitro- 
gen storage and gain in weight with purified growth hormone (Gor- 
dan, Bennett, Li, and Evans, 104S) limits one at once to combined 
effects of growth hormone and impurities which are not chemically 
or biologically demonstrable. Moreover, experiments with mixtures 
of preparations yielded the results shown in Table 5. The thyrotropic 
preparation T-7210 slightly accentuated nitrogen storage when given 
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with G-731, and virtually abolished it when given with R-95.' The 
pituitary gonadotrophin preparation FWP-234 produced, in one ex- 
periment, an effect very similar to that of gonadotrophin from preg- 
nancy urine (Gaebler, 1935). Nitrogen output fell only after several 
days and remained below the control level for some time. In the other 
experiment with FWP-234 there was nitrogen loss. The potent pro- 
lactin preparation FWP-12 caused nitrogen loss in both experiments, 
although, in agreement with others, we have previously reported 
marked nitrogen storage after injection of prolactin preparations. 


Table 5. Effects of mixtures of anterior pituitary preparations 

ON WEIGHT AND NITROGEN STORAGE 


Dog 

Weight Diet 

Preparations 

Doses 

mg. 

Nitroge 

Total 

gm. 

n Stored 
Grams 
per kg. 

Weight 

change 

kg. 

42 

15.4 

1 

G-731 

200 

3.42 

0.222 

-0.20 

42 

14.5 

1 

G-731 +T-7210 

200 + 100 

5.28 

0 .365 

-0.16 

42 

15.0 

1 

R-95 

195 

9.71 

0.648 

0.00 

42 

14.4 

1 

R-95 +T-7210 

200+100 

1 .26 

0.087 

-0.11 

42 

15.7 

G 

FWP-234 

200 

8.41 

0.535 

-0.12 

42 

1G.2 

G 

FWP-12 

200- 

-4.79 

-0.296 

0.00 

42 

1G.4 

G 

FPW-234+FWP-12 

100+100 

-4.G2 

-0.282 

0.00 

• 44 

15.7 

G 

FWP-234 

200 

-4.38 

-0.279 

-0.17 

44 

15.8 

G 

FWP-12 

200 

-1.09 

-0.069 

-0.12 

44 

1G.1 

G 

FWP-234 +FWP-12 

100+100 

-1.41 

-0.087 

0.00 


T-7210 was a thyrotropic preparation which produced loss of both nitrogen and 
weight in an experiment on dog 40. G-731 and R-95 were growth preparations already 
described in the footnote of Table 3. FWP-234 was an Armour sheep anterior pituitary 
gonadotrophic preparation which the firm’s assay showed to contain 159 Collip U. 
per mg. Other factors reported present were: thyrotropin, 0.4 chick unit per mg.; 
growth hormone, 0.2 epiphyseal disc units; adrenocorticotropin, 0.2% of Armour’s 
standard; prolactin, none. FWP-12 was an Armour prolactin preparation which as- 
sayed 72 i.u. per mg. This preparation was not tested for contaminating hormones, but 
preparations similar to FWP-12 contained adrenocorticotrophin equivalent to 1.5% 
of Armour standard. Presence of appreciable amounts of gonadotrophic, thyrotropic, 
or growth hormone was considered unlikely. 


Combination of gonadotrophin and prolactin preparations produced 
nitrogen loss in both experiments. In none of these tests was there 
notable change in weight. Weights of these large animals are subject 
to spontaneous fluctuation of about 0.11 kg. under our conditions. 
The effects of mixtures of anterior pituitary preparations on nitrogen 
storage appeared to be more erratic than those of single preparations, 
as might be expected if the irregularities are due to substances causing 
nitrogen loss. 

, SUMMARY 

Growth preparations may be considered satisfactory if, when 
injected subcutaneously in a large single dose of 200 mg., they pro- 
duce nitrogen storage of 0.5 gm. per kg. in dogs maintained on a com- 
plete diet high in protein. The gain in weight following such injections 
is greater than would be expected, nitrogen stored per 100 gm. of 
gain in weight being about 2 per cent. There is thus evidence for water 





November, 194S ACTIVITY OF GROWTH PREPARATIONS 


335 


retention in excess of requirements for new tissue. Failure of cor- 
relation between nitrogen storage and other criteria of activity ap- 
pears to be due to presence, in some growth preparations, of sub- 
stances causing nitrogen loss, rather than to absence of any sub- 
stance acting synergistically with the growth hormone to produce 
nitrogen storage. Phosphate output in the urine often declines even if 
the preparation or mixture of preparations injected causes nitrogen 
loss. 
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THE CORRELATION OF THE CIRCULATING POLY- 
MORPHONUCLEAR LEUCOCYTES (NEUTROPHILES) 
WITH THE ADRENAL ASCORBIC ACID IN THE RAT 

ABRAHAM DURY 

From the Department of Physiology, The George Washington 
University, School of Medicine 

WASHINGTON, D.C. 

Clinical and experimental animal data reported in the past few 
years have indicated that there probably is a functional relationship 
between the activity of the adrenal cortex and. the hematologic pic- 
ture of individuals. Alterations in the normal white blood cell com- 
position were reported in endocrinopathies of the adrenal cortex and 
the pituitary-adrenal cortex system (Baize, Reifenstein and Albright, 
1946). The induction of a change from the normal white blood cell 
picture following ACTH in patients with adequate adrenal-cortical 
function has been reported by Forsham, Thorn, Prunty and Hills 
(1948). The hematologic changes observed in humans following 
alteration of adrenal-cortical function as a result of pathology or 
experimentally were predictable from the investigations on lower 
mammals by Dougherty and White (1944, 1947). The latter inves- 
tigators have shown that increased activity of the adrenal cortex, 
particularly secretions of the 11-oxysteroid type, results in a lympho- 
penia specifically and a non-specific rise in the polymorphonuclear 
leucocytes. Selye (1940) and Reinhardt, Aron and Li (1944) had 
shown that injections of ACTH in rats induced a lymphopenia and a 
neutrophilia. Setye (1937, 1946) had reported that non-specific agents 
acting via the pituitary-adrenal cortical mechanism induced a lymph- 
openia and a polymorpho-leucocytosis. 

In both the clinical and animal studies the emphasis had been 
placed on the relation of the adrenal cortical activity to the circulating 
number of lymphocytes. However, a polymorpho-leucocytosis has 
consistently been shown to occur with an increase in adrenal-cortical 
activity when these have been reported. Only recently has it been 
pointed out that one type of granular leucocyte, the eosinophiles, 
apparently vary with and are possibly indicative of adrenal-cortical 
activity (Forsham, Thorn, Prunty and Hills, 1948). The latter inves- 
tigators also reported a neutrophilia after ACTH injections in humans 
but claimed this to be a non-specific effect since it occurs to some 
extent after ACTH in Addisonian patients. 
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It has been shown that a decrease in the adrenal ascorbic acid or 
cholesterol content of fresh adrenal glands may be used as an indi- 
cation of adrenal-cortical activity (Sayers, Sayers, Fry, White and 
Long, 1944; Sayers, Sayers, Lewis and Long, 1944; Sayers, Sayers, 
Liang and Long, 1946; Saj'ers and Sayers, 1946). Statistical evidence 
that the depletion of the ascorbic acid content of the adrenal can be 
used as a measure of the potency of ACTH preparations and of the 
activity of the adrenal cortex has recently been reported by Sayers, 
Sayers and Woodbury (1948). Long (1947) has presented material 
which indicated that the pattern of depletion (per cent change plotted 
against time) of the adrenal ascorbic acid was similar to the pattern of 
change in the circulating number of lymphocytes after ACTH in- 
jections in the rat. However, in the same paper Long quoted Dr. 
Oesterling’s unpublished data which showed that in the scorbutic 
guinea pig the decrease in circulating lymphocytes was matched by a 
decrease in the adrenal cholesterol but no change in the already low 
adrenal ascorbic acid. The polymorphonuclear leucocytes were not 
discussed. 

In view of the changes which were reported in both the lymphocyte 
and neutrophile picture following adrenal-cortical stimulation or 
adrenal-cortical endocrinopathy it seemed that a study of the relation- 
ship of these while blood cells with the adrenal ascorbic acid might 
elucidate the problem. Such a study appeared feasible since adrenaline 
had been shown to actively influence the number of circulating lymph- 
ocytes via adrenal-cortical stimulation (Long, 1947) and it had also 
been shown that a lymphopenia could be induced in urethanized rats 
which was not mediated through the adrenal gland (Dury and Robin, 
194S). It was also reported that adrenaline injections in urethanized 
rats induced a prolonged neutrophilia. These points suggested that 
both adrenaline and urethane could be used as tools to actively alter 
the composition of the white blood cell picture and possibly yield 
information concerning the physiological relationship, if any, between 
the adrenal ascorbic acid and the circulating lymphocytes or poly- 
morphonuclear leucocytes. 

This paper will present evidence of the statistically significant 
correlation of the adrenal ascorbic acid with the polymorphonuclear 
leucocytes and the alteration of this relationship with certain drugs. 

materials and methods 

Adult male rats of the Sprague-Dawley strain weighing 200-250 grams 
were used in these studies. The rats were fed Purina Chow and tap water 
ad lib., and lettuce was given once weekly. Total and differential leucocyte 
determinations were done by standard procedures on the blood obtained 
from the tails of the rats. The differential leucocyte values were computed 
after counting at least one hundred white cells on blood smears stained with 
AY right's blood stain. The adrenals were removed from the rats immediately 
after the blood was drawn for the cell counts, cleaned of fat and weighed on a 
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Roller-Smith precision balance to the nearest tenth of a milligram. The ad- 
renal ascorbic acid content was determined by the method of Roe and 
Kuether (1943). The data were statistically evaluated by procedures sug- 
gested by Snedecor (1946). Evipal was used for anesthetic purposes. 

The leucocyte picture and the adrenal ascorbic acid were studied in five 
different groups of rats as follows: 

Group a. Sixteen normal intact rats in our colony were elected at random 
for the determinations of their adrenal ascorbic acid and leucocyte composi- 
tion. These were considered the control group for this study. 

Group b. Leucocyte counts were made before and three hours after a 
course of adrenaline injections in this series of fourteen rats. The adrenaline 
used was a 0.02% solution made up fresh for each set of injections. The rats 
were injected according to a procedure recommended by Long and Fry (1945) 
to attain adrenal-cortical stimulation. The adrenaline was injected sub- 
cutaneously at four successive hourly intervals at a dose level of 0.02 mg. 
per 100 gm. of body weight. Three hours after the last adrenaline injection 
the rats were lightly anesthetized with Evipal, blood was drawn from the 
tails for the leucocyte determinations and differentials, and the adrenals re- 
moved for ascorbic acid analysis. 

Group c. All procedures were the same as above with the exception that 
the period between the last adrenaline injection and the final leucocyte and 
the ascorbic acid determinations was a total of twenty hours. 

Group d. The rats comprising this group were given intraperitoneal injec- 
tions of a 10% urethane solution every other day for a total of eight injec- 
tions at a dose level of 750 mg. per kg. of body weight. The day after the last 
urethane injection determinations were made of the leucocyte counts, dif- 
ferentials, and the adrenal ascorbic acid. 

Group e. The procedures in the rats comprising this series were exactly 
the same as the above group with the exception that on the day after the 
eighth urethane injection these rats were also given the course of adrenaline 
injections. Leucocyte counts, differentials, and adrenal ascorbic acid deter- 
minations were done three hours after the last adrenaline injection. 

The three hour and the twenty hour periods after the last adrenaline in- 
jection was chosen as an end point on the basis of data in the literature. It 
had been shown that the Ijmphopenia and the poljmorpho-leucocytosis 
were at a maximum approximately three hours after ACTH injections in 
rats; and that by approximately twenty hours after the ACTH injection 
these cell types were again at approximately their normal circulating number 
(Dougherty and White, 1944, 1947). Forsham, Thorn, Prunty and Hills 
(1948) had also shown that the maximum fall in the circulating lymphocytes 
and eosinophiles, and the maximum rise in the circulating neutrophiles oc- 
curred approximately four hours after ACTH injections in humans. The ad- 
renal ascorbic acid had been shown to be maximally depressed one to three 
hours after ACTH injections and gradually approximates the normal value 
twenty hours after the injection (Sayers, Sayers, Liang and Long, 1946; 
Long, 1947). 

RESULTS 

The average absolute number of lymphocytes, polymorphonuclear 
leucocytes (in the rat these are practically all neutrophiles), the total 
white blood cell count per c.mm. of blood and the average adrenal 
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ascorbic acid content (nig. per 100 gin. of fresh adrenal tissue) are 
presented in Table 1 for each of the five groups of rats used in this 
study. It is apparent from an inspection of Table 1 that there is no 
obvious functional alliance between the adrenal ascorbic acid with 
either the lymphocytes or the polymorphs in any single group of rats. 
For instance, three hours after the adrenaline treatment (Group b ) . 
there was a statistically significant depletion of adrenal ascorbic acid 
in these rats when compared with the controls; but there also was a 
statistically significant depression of the lymphocytes and increase in 
the circulating number of neutrophiles. However, when these different 


Table 2. The correlation coefficient and the significance of the coefficient 
OF the adrenal ascorbic acid with the absolute number of circulating 
lymphocytes or polymorpho-leucocytes in the normal intact, 
the adrenaline treated, and unrethanized rat 


Aninml used 

Adrenal ascorbic acid 
with the absolute 
number of 
Lymphocytes 

Adrenal ascorbic acid 
with the absolute 
number of 
Polymorphs 



up >>*# 


mi 

NORMAL: 

a. Controls (1G) 

b. 3 hours after*** adrenaline (14) 

c. 20 hours after adrenaline (14) 

0.0109 

0.0928 

0 .2090 

>0.05 

>0.05 

>0.05 

0.5754 

0.1488 

0.6121 

B 

URETHANIZED: 
d. Controls (8) 

c. 3 hours after adrenaline (9) 

0.4315 

0.3543 

>0.05 

>0.05 

0.8899 

0.0440 

<0.01 

>0.05 


* "r” is the correlation coefficient 

** <<p>> j s va i ue 0 f tj ie correlation coefficient occurring by chance alone. 

*** Adrenaline given sub-Q at a dose level of 0.02 mg. per 100 gm. of body weight 
for four successive hourly intervals. 

10% urethane given I.P. every other day at a dose level of 750 mg. per kg. of body 
weight for a total of eight injections. 

Number in ( ) is the number of rats in the experiment. 


categories of data are followed and statistically compared with each 
other in Groups a, b, and c it is apparent that the pattern of change of 
the adrenal ascorbic acid content is more closely followed by the pat- 
tern of change of the polymorphs than the lymphocytes. These data 
suggest that with adrenaline treatment the increase and return to 
normal number of circulating polymorphs was related to the depletion 
of adrenal ascorbic acid and return to normal amount. The correlation 
coefficient “v” and the statistical significance “P” of the coefficient 
was determined in each of the groups of rats for the correlation of the 
adrenal ascorbic acid with the lymphocytes and with the polymorpho- 
leucocytes (Table 2). Linear regression curves were calculated from 
the individual data of each group of rats and plotted according to the 
regression formula Y=a+bX (Snedecor, 1946). These curves indicate 
the trend of the correlation between the adrenal ascorbic with the 
polymorphs or with the lymphocytes (Figures 1, 2, and 3). 











MOW ADUtKAL ASCORBIC ACIO ft* 100 ftM FUfBH AORCMAU CLAMO 

Fig. 1. The correlation distribution of the ascorbic acid content of fresh adrenal 
tissue with the absolute number of circulating lymphocytes and polymorplio-lcucocytes 
per c.nnn. of blood in normal intact rats. The solid lines arc calculated linear regres- 
sions of the lymphocytes and the polymorphs on the adrenal ascorbic acid. 


It is evident front an inspection of Figure 1 that the absolute 
number of circulating lymphocytes is randomly distributed and not 
correlated with the adrenal ascorbic acid content at the moment of 
autopsy. The absolute number of circulating polymorpho-leucoeytes 
is negatively correlated with the adrenal ascorbic acid at the moment 
of autopsy and is statistically significant in the normal intact rat 
(Table 2).' 
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had apparently not been affected. It is noteworthy that in this group 
of nrethanized rats that the correlation coefficient of the adrenal 
ascorbic acid with the polymorpho-leucocytes is statistically signifi- 
cant (Table 2) as was with the controls. Reference to Figure 4 shows 
that the linear regression curves for the adrenal ascorbic with the 
polymorphs and with lymphocytes are negative. It would also appear 
that the correlation of the adrenal ascorbic with the lymphocytes 



H«M AOAtNAL A9C0MIC ACID PEA 10 0 «M MISM ADRENAL ALAND 

Fig. 4. The correlation distribution of the ascorbic acid content of fresh adrenal 
tissue with the absolute number of circulating lymphocytes and polymorpho-leucocytes 
per c.mm. of blood in the urethanized rat. The solid lines are calculated linear regres- 
sions of the lymphocytes and the polymorphs on the adrenal ascorbic acid. 


might be significant; but statistical treatment of the data shows that 
this is not true (Table 2). 

It had been shown by Dury and Robin (1948) that adrenaline 
injections in urethanized rats resulted in a neutrophilia which was still 
present twenty hours after the last adrenaline injection. These in- 
vestigators suggested that urethane’s effect was not limited to the 
circulating lymphocytes alone but to the polymorphs as well probably 
through the adrenal mechanism. In this study the rats comprising 
Group c were urethanized and then treated with adrenaline as de- 
scribed in the section on Methods. A comparison of the data of Group e 
with that of Groups d and b (Table 1) shows that the adrenaline had 
been effective in depressing the lymphocytes and increasing the cir- 
culating number of polymorpho-leucocj’tes. However, this apparently 
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did not result in a depletion of the adrenal ascorbic acid in the urethan- 
ized group of rats as had occurred in the normal rats after the adrenal- 
ine injections. The change in the correlation distribution of both the 
lymphocytes and the polymorphs three hours after the adrenaline 
injections is shown in Figure 5. The correlation coefficient of the poly- 
morpho-leucocytes with the adrenal ascorbic acid was not statistically 
significant (Table 2). Since there was a statistically significant neg- 



Fio. 5. The correlation distribution of the ascorbic acid content, of fresh adrenal 
tissue with the absolute number of circulating lymphocytes and polvmorpho-lcuco- 
cytes per c.mm. of blood in the urethanized Ml three hours after a course of adrenaline 
injections. The solid lines are calculated linear regressions of the lymphocytes and the 
polymorphs on the adrenal ascorbic acid. 

ative correlation of the polymorphs with the adrenal ascorbic acid in 
the urethanized series of rats (Figure 4, and Table 2), the evidence 
from the urethanized-adrenaline treated rats is suggestive that the 
adrenaline injections had been effective via the adrenal-cortical 
mechanism. The fact that the adrenal ascorbic acid content remained 
at apparently normal level three hours after, the adrenaline injections 
of these urethanized rats appears to support previous evidence of the 
paradoxical effect of urethane on the constituent cell types of the 
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white blood cell picture, and is believed to be further evidence that 
urethane is somehow related to its effect on the neutrophiles' through 
the adrenal cortex. 

DISCUSSION 

Though the adrenal ascorbic acid has been proposed as a useful 
tool in the measurement of adrenal-cortical activity (Sayers, Sayers 
and Woodbury, 1948), it is not known exactly what role it actually 
has in the endocrine function of the adrenal cortex (Long, 1947). The 
data presented here does not assign any role to the adrenal ascorbic 
acid. However, it is evident from the data that there exists in the rat a 
functional relationship between the ascorbic acid present in the adre- 
nal gland and the number of circulating polymorphonuclear Ieuc 0 c 3 d.es 
(in the rat this is essential^ neutrophiles). This does not contradict 
the evidence presented by other investigators that the adrenal ascor- 
bic acid may be used as an indicator of adrenal-cortical activity as- 
sociated with lymphocyte dissolution. However, it is recognized that 
there is apparently no chemical relationship between the adrenals’ 
vitamin C and the adrenal-cortical hormones. 

Attention has already been called to the fact that a neutrophilia 
has always been reported as coexistent with a lymphopenia in the first 
few hours after adrenal-cortical stimulation with ACTH or adrenaline 
injections. The interesting aspect of the data presented here is that in 
the normal rat a statistically significant negative correlation has been 
shown to exist between the adrenal ascorbic acid and the absolute 
number of circulating polymorphs whereas this has not been found for 
the lymphocytes. This correlation of the adrenal ascorbic acid with 
the pofymorpho-leucocytes has been supported by experimentall} r 
inducing changes in both the lymphocytes and the polymorphs 
simultaneously or separately with adrenaline and/or urethane and 
following the correlation of these white blood cells with the adrenal 
ascorbic acid. At no point in the experimental procedures followed was 
a statistically significant correlation found for the adrenal ascorbic 
acid with the lymphocjdes ; but the correlation of the polymorphs 
with this vitamin followed the expected pattern of relationship in 
adrenal-cortical stimulated animals when this had been shown to exist 
in the normal intact rat (Table 2). If the fact is accepted that adrenal- 
ine induces increased adrenal-cortical activity which was measured by 
the ascorbic acid content of the gland, then it is evident that at the 
point of maximum activity the p Sociological effect will not be cor- 
related with the glands’ ascorbic acid content. As the adrenals recoup 
toward a state of physiological normality there would occur a re- 
establishment of a normally existing regulation as indicated in this 
case by a correlation of the polymorphs with the adrenal ascorbic acid. 
An inspection of Figures 1, 2 , and 3 illustrates the shifting of the pol} r - 
morpho-leucocytes correlation population with relation to the adrenal 
ascorbic acid in the normal rat to one of complete non-correlation 
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three hours after adrenaline injections, and then a return to approx- 
imately the normal correlation twenty hours after adrenaline stim- 
ulation of the adrenal mechanism. 

The urethanized’ series of rats add circumstantial and inferential 
evidence to the demonstrated correlation of the polymorphs with the 
adrenal ascorbic acid in normal rats. This is certainly illustrated bj r the 
data in Table 1 showing that the adrenal ascorbic acid is not neces- 
sarily lowered when there is a lymphopenia. Adrenaline injections can 
result in urethanized rats in still further depressing the number of 
circulating lymphocytes and also induce a neutrophilia (Table 1). 
These changes would indicate that the adrenal-cortex has been in- 
volved. However, in this series of rats the adrenal ascorbic acid had 
not been altered from the normal content. This phenomenon cannot be 
explained, but it is being investigated since it is suggestive of an alter- 
ation in urethanized rat of the “affinity” or “mobilization” of ascor- 
bic acid in the adrenal gland when stimulated to increased activity. 

The evidence presented in this study of the ascorbic acid corre- 
lation with the polymorphonuclear leucocytes does not mean this a 
priori has been a demonstration of the regulation of this white blood 
cell type by a vitamin found in high concentrations in the adrenal 
gland. The fact must be borne in mind that the adrenal ascorbic acid 
has been adequately demonstrated to be an indicator of adrenal- 
cortical activity. It is most probable therefore that the material in this 
study indicates a relationship of one of the adrenal cortex secretions to 
the regulation of the circulating neutrophiles. However, since the role 
and relationship of the vitamin C content of the adrenals to its endo- 
crine function is not known, there is a possibility that these data are 
indicative of a vitamin-humoral regulation of a physiological process. 
This aspect of the problem is under study at present in both the rat 
and the guinea pig. 

SUMMARY 

Data have been presented which show that there is a statistically 
significant negative correlation of the adrenal ascorbic acid content 
with the number of circulating neutrophiles in the normal rat. There 
was no evidence of a correlation of the lymphocytes with the adrenal 
ascorbic acid other than the fact that following adrenal-cortical 
stimulation the induced lymphopenia was associated with a depletion 
of adrenal ascorbic acid. 

The, leucocytic picture was actively influenced by adrenaline 
injections which have been shown to be mediated via the adrenal- 
cortical mechanism. The adrenal ascorbic acid was found to be de- 
pleted three hours after the adrenaline injections but there was no 
correlation of either the lymphocytes or the polymorpho-leucocytes 
with the adrenal ascorbic acid. However, twenty hours after the 
adrenaline injections the correlation of the circulating polymorphs 
with the ascorbic acid had been reestablished. 
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Urethanization induced a lymphopenia, but did not alter the 
circulating number of neutrophiles nor affect the adrenal ascorbic 
acid. The correlation of the latter were found to be statistically signifi- 
' cant, and the linear regression curve of the polymorphs on the 
adrenal ascorbic was similar to that of the normal intact rat. Urethane, 
however, did change the apparent effect of adrenaline on the adrenal 
ascorbic acid. The level of concentration of the vitamin C in the 
adrenal three hours after adrenaline was the same as in the normal 
gland although the leucocytic response was similar to that of the 
normal intact rat. 

The data suggest that the adrenal cortex is responsible to an as 
yet unknown extent in the regulation of the ‘number of circulating 
neutrophiles in the normal rat. The place of the adrenal ascorbic acid 
in this regulation is discussed. It has been suggested that urethane 
might be a useful tool in determining the role of the adrenals’ vitamin 
C in the white blood cell picture of the normal rat. 
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NOTES AND COMMENTS 


PREGNANCY TEST WITH MALE BA TEA CHI A 

The pregnancy test using male Batrachia as reacting animals was first 
performed by Galli-Mainini, who in March 1947 published his first series of 
179 diagnostic and control tests. This reaction, when positive, is shown by 
the presence of spermatozoa in a drop of the batrachian’s urine, within 3 
hours after the subcutaneous injection of untreated woman’s urine. This new 
test seemed to have the advantage of specificity, speed of reaction, simplicity 
and economy and it has aroused the interest of many investigators, with the 
result that today, a year since the original publication, 27 papers on the sub- 
ject have been published, with a total of 3,156 diagnostic tests and 2,108 
control tests performed. In addition, a great deal of experimental work has 
been done on the influence of several factors on the reaction and on its 
mechanism. Detailed data on results will be published elsewhere and it can be 
summarized as follows: 

Correct results: On a total of 3,156 diagnostic tests, correct positives have 
varied from 98.16% to 100%, according to different authors. 

Specificity: The specificity is shown by 100% correct negative results on 
2,108 control reactions performed by injecting non-pregnant woman’s urine. 
Injection or implantation of more than 45 substances, purified hormones or 
tissues, showed that only some gonadotrophins elicit the reaction, among 
which chorionic gonadotrophin seems to be one of the most effective. . 

Comparative results with the Friedman test: On 502 simultaneously per- 
formed reactions, 42 were not coincident , of which 38 correct responses were 
given by 4h e toad and 4 by the rabbit. 

Speed of the reaction: Practically 100% of responses are obtained within 
3 hours and 80% in two hours. Some are positive in 30 minutes. 

Precocity: Correct positive reactions have been obtained in 80 tests with 
urine from pregnant women with less than 15 days of amenorrhea, among 
whom were 23 with amenorrhea from 4 to 9 days and 21 with amenorrhea of 
10 days. 

Toxicity: Galli Mainini’s data, on a total of 3,054 diagnostic or control 
tests performed show 0.76% mortality as result of the urine injection. 

As some investigators are under the impression that this test is the 
peculiar reaction of only a special type of toad, Bufo arenarum Hcnscl, or 
frog, Rana pipicns, it seems advisable to communicate that several male 
Batrachia have already been used with good results. They are: Bufo arenarum 
Hcnscl, Bufo paracnams , Bufo crucifer, Bufo d’Orbigny , Bufo jnarimis, Calyp - 
toccphahis gayi, Lcptodaclillus occllalus, Odontophrynus, and onlv latelv. 
Rana pipicns. 

Y e think that this reaction could be a common phenomenon of a great 
number of other male batrachians, providing they have a continuous sperma- 
togenesis. Seasonal unresponsiveness can be found in some Batrachia with 
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cyclic spermatogenesis. In these animals spermatozoa are produced only 
during a certain period, the testicle being at rest between the active seasons. 
For this reason, care should be taken in selecting an animal with continuous 
spermatogenesis. If so, it seems possible that many other male Batrachia, 
when injected with pregnancy urine, would respond in the same manner as 
the previously mentioned, thus providing a reliable test animal throughout 
the year. We are under the impression that toads are sturdier animals than 
frogs because larger quantities of urine can be injected, the mortality is less 
and the reaction can be repeated several times in them. 

As a scarcity of bibliographic references on the subject has characterized 
some of the latest papers, it seems advisable to provide the available bibliog- 
raphy up to the present for the benefit of investigators interested in this new 
reaction. 

Carlos Galli-Mainini 

Hospital Rivadavia, Buenos Aires, Argentina 
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ASSOCIATION NOTICE 


ANNOUNCEMENT OF THE 1949 MEETING OF THE 
ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS 

The Thirty-First Annual Meeting of The Association for the Study of 
Internal Secretions will be held in the Chalfonte-Haddon Hall, Friday and 
Saturday, June 3, and 4, 1949, in Atlantic City, New Jersey. 

We are informed by the hotel management that reservations will be diffi- 
cult to secure on short notice; therefore, members are urged to make reserva- 
tions at once with Chalfonte-Haddon Hall, giving time of arrival and length 
of stay in Atlantic City. 

The scientific sessions will be held in the Viking Room, as formerly, and 
registration will be on the same floor. The annual dinner will be held in the 
Rutland Room, Friday, June 3rd. at 7 p.m., preceded by cocktails in the 
same room. 

Those wishing to present papers, which will be limited to ten minutes, 
should send title and four copies of an abstract of not more than 200 words, 
to Doctor J. S. L. Browne, Royal Victoria Hospital, Montreal 2, Canada, 
not later than March 1, 1949. It is imperative that the abstracts be informa- 
tive and complete with results and conclusions in order that they may be of 
reference value and suitable for printing in the program. 

Nominations for the Squibb and Ciba Awards and the Ayerst, McKenna 
and Harrison Fellowship should be made on special application forms, which 
may be obtained from the Secretary-Treasurer, Doctor Henry H. Turner, 
1200 North Walker, Oklahoma City 3, Oklahoma, and filed with the Secre- 
tary not later than March 15, 1949. 


POSTGRADUATE COURSE IN ENDOCRINOLOGY 

A postgraduate course in Endocrinology, sponsored by the Association 
for the Study of Internal Secretions, will be held at the Skirvin Hotel in 
Oklahoma City, February 21-2G, 1949. 

The faculty will consist of outstanding clinical and research endocrinol- 
ogists of the United States and Canada. The program will consist of clinics 
and demonstrations and will be a practical one of equal interest to those in 
general medicine and the specialists. 

The fee will be $100 for the entire course and applications will be accepted 
in the order received. Applications should be directed to Henry H. Turner, 
M. IV, Secretary-Treasurer, 1200 North Walker, Oklahoma City, Oklahoma. 
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NOTES ON THE THIRTIETH ANNUAL MEETING 
OF THE ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS 

The Thirtieth Annual Meeting was held in the Palmer House, Chicago, 
Illinois, June 18 and 19, 1948. 

Fortjr-seven papers were presented and forty-four papers were read by 
title. Total registration was 45S, equally divided between members and non- 
members. Two hundred, twenty-two were present at the dinner at which 
the presidential address was given by Doctor C. N. H. Long. 

Actions of general interest taken by the Council are as follows: 

(1) It was the decision of the Council to hold a Postgraduate Assembly in 
Oklahoma City, February 21-26, 1949, similar to the one which .was so well 
received in Los Angeles in 1948. 

(2) The Council approved the indexing and publication of Endocrinol- 
ogy, Volumes 1 to 40, inclusive. These will be published by Mr. Charles C 
Thomas, in two editions, one including the indices of Volumes 1 to 25, and 
the other, Volumes 26 to 40. 

(3) It was the Council's decision to publish the transactions of the 
American Goitre Association. 

(4) The Council accepted with much regret the resignation of Doctor 
Earl T. Engle, Chairman of the Publications Committee, and appointed 
Doctor Warren 0. Nelson to this office. Appreciation was expressed to 
Doctor Engle for his work as chairman of this committee. * 

(5) The Committee on Registiy of Endocrine Pathology was re-ap- 
pointed to negotiate with the Scientific Director of the American Registry 
of Pathology regarding the formation of an Endocrine Registry at the Army 
Institute of Pathology. A sum not to exceed 8750.00 was appropriated for 
necessary expense for one year. 

(6) It was voted to appropriate 8250.00 for 1949 to the National Society 
for Medical Research. 

(7) Due to increasing cost of labor, paper and all printing materials, and 
the enlargement of the Journals, the dues were increased to 811-00 per year 
which includes subscription to either of the Journals, with a combination 
offer of S16.00 for both Journals. 

(8) The Council voted that the thirty-first Annual Meeting be held 
June 3 and 4, 1949, in Atlantic City, New Jersey. 

(9) A list of the 1948-49 Officers, Council and Committees follows: 


Officers 


President 
President-Elect 
Vice President • 
Secretary-Treasurer 


John S. L. Browne 
Edward A. Doisy 
James H. Means 
Henry H. Turner 


Council 


Frank A. Hartman 
Carl R. Moore 
Gregory Pincus 
C. N. H. Long 
Paul Starr 
Edward A. Doisy 


Roy G. Hoskins 
E. Perry McCullagli 
Fuller Albright 
Mayo Solev 
John S. L. Browne 
James II. Means 


Henry H. Turner 
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Publications Committee Awards Committee Nominating Committee 

W. 0. Nelson, Chairman P. E. Smith, Chairman John E. Howard, Chair- 
Roy Hoskins E. C. Kendall man 

E. Perry McCullagh F. D. Lukens E. B. Astwood 

Edward A. Doisy Leo T. Samuels 

Lawson Wilkins 

Committee on Registry of Membership Committee 


Endocrine Pathology 

E. W. Dempsey, Chairman 
Evelyn Anderson 
W. U. Gardner 

Committee on Postgraduate Course 
in Endocrinology 

Henry H. Turner, Chairman 
John S. L. Browne 
Lawson Wilkins 


C. N. H. Long, Chairman 
George W. Thom 
Willard 0. Thompson 

Committee on Nomenclature 

Elmer Sevringhaus, Chairman 
Hans Selye 
Thomas McGavack 


Consultant Committee to Food and Drug Administration 

A. Kenyon, Chairman 
George Sayers 
J. P. Pratt 



ASSOCIATION AWARDS FOR 1949 

THE E. R. SQUIBB AND SONS AWARD 

The E. R. Squibb & Sons Award of $1,000.00 was established in 1939, 
and was given first in 1940 to Dr. George W. Corner; 1941 — Dr. Philip E. 

‘Smith; 1942 — Dr. Fred C. Koch; 1943 — no award was given; 1944 — Dr. E. 
A. Doisy; 1945 — Dr. E. C. Kendall; 1946 — Dr. Carl G. Hartman; 1947— 
Drs. Carl F. and Gerty T. Cori; 1948 — Dr. Fuller Albright. A special com- 
mittee of five members of the Association chooses an investigator or in- 
vestigators in the United States or Canada for one of the best contributions 
to endocrinology. 

THE CIBA AWARD 

The Ciba Award to recognize the meritorious accomplishment of an in- 
vestigator not more than 35 years of age in the field of endocrinology was 
established in 1942, but no recipient was selected in 1942 or 1943. In 1944 the 
Award was presented to Dr. E. B. Astwood ; 1945 — Dr. Jane A. Russel; 
1946 — Dr. Martin M. Hoffman; 1947 — Dr. Choh Hao Li; 1948 — Dr. Carl 
G. Heller. The work cited mas' be either in the field of preclinical or clinical 
endocrinology. The Award is for $1,200.00. If within 24 months of the date 
of the Award, the recipient should choose to use it toward further study in a 
laboratory other than that in which he is at present working, the Award will 
be increased to $1,800.00. 

THE AYERST, McKENNA & HARRISON FELLOWSHIP 

The Ayerst, McKenna & Harrison Fellowship was first awarded in 1947 
to Dr. Samuel Dvoskin, and in 1948 to Dr. Ernest M. Brown, Jr. This Fel- 
lowship is designed to assist men or women of exceptional promise in their 
progress toward a scientific career in endocrinology. The Fellowship may be 
awarded to an individual who possesses the Ph.D. or M.D. degree or to a 
candidate for either of these degrees. The stipend for the Fellowship will varj r 
in accordance with the qualifications of the appointee, but will not exceed 
$2,500.00 The Committee will, in reviewing the proposed program of study, 
consider the amount of time which the Fellow intends to spend in course 
work and/or teaching. The nominee must present evidence or scientific 
ability as attested b}' studies completed or in progress and/or the recom- 
mendation of responsible individuals; submit a program of proposed study; 
indicate one or more institutions where the proposed program shall be car- 
ried out; submit statements of approval from the investigators with whom 
he proposes to conduct his research. 

Each member has the privilege of making one nomination for each award. 
A nomination should be accompanied by a statement of the importance of 
the nominee’s contributions to endocrinology and by a bibliography of the 
nominee’s most important publications, and reprints, if possible. The nom- 
inations should be made on special application forms which may be obtained 
from the Secretary, Dr. Henry H. Turner, 1200 North Walker Street, Okla- 
homa City, Oklahoma, and returned to him not later than March 15, 1949. 
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A CYTOLOGICAL EXAMINATION OF UTERINE 
GROWTH DURING PREGNANCY 

CARLOS ALBERTO SALVATORE 1 
Clinica Ginccologica, Faculdade de Medicine? 

UNIVERSIDADE DE SAO PAULO, BRASIL 

The present paper aims to extend the Karyometric statistical 
method for the analysis of interphasie nuclear growth to a study 
of uterine tissues. The endocrine viewpoint was kept in mind in this 
paper, which deals with uterine growth in pregnancy, as also in an- 
other paper (in press) which concerns a similar cytological study of 
uterine growth during the estrous cycle and artificially induced estrus. 

The growth response, both in size and number, of all cellular ele- 
ments of the uterus during pregnancy has long been known. Gapder 
(1930), Stieve (1929, 1932), Frobose (1934, 1935), Fabris (1935), 
Crandall (193S), Krichesky (1942) and others conducted their re- 
searches from the standpoint of the cell as a whole, although they do 
mention increase in nuclear size. It is this latter phenomenon of 
which the Karyometric method takes advantage. 

It. is believed that such a study applied to the pregnant uterus, 
reflecting cycles of hyperplasia and hypertrophy of the tissues, 
would have endocrine significance. 

METHOD 

Albino rats of the Institute Butantan were used in these experiments. 
They were killed on days 7, 13, 14, 20 or 21 of pregnancy; the uteri were 
fixed in Dubosq — Brasil fluid and imbedded in paraffin. The 10/z sections 
were stained in Haidenhain’s hematoxylin and eosin. 

From each representative zone 200-300 nuclei were sketched with the 
aid of a camera lueida at a magnification of 1S90. Care was taken to select 
such areas in which the section passed through the long axes of the elliptical 
nuclei, thus avoiding errors of measurement due to inclination of the nuclear 
axes. In the tables the nuclei taken from the dilated parts of the uteri are 
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indicated bj r the letter a after the protocol number, the letter b referring to 
the intermediary portions. Myometrial cells of the dilated portions were 
measured after removal of the fetus (indicated by c in the tables). 

Inasmuch as the Kaiyometrie statistical method here used has not ap- 
peared in the English language, it is here described in some detail (cf. 
Schreiber, 1947, a, b; 1948; Schreiber and Salvatore, 1947). 

Determination of Nuclear Volume. The nuclear volume of an ellipsoid was 
calculated after the formula: 

a 2 X b 

7 = 

1.91 

in which a represents the transverse, b the longitudinal diameter. 

To illustrate, take item 39b of Table III. It was found that 3 nuclei 
measured 27X5 mm., and, by the above formula, volume was found to be 
353.4 mm. 3 ; of 5 other nuclei, one measured 33X5 mm., volume 431.9 mm. 3 ; 

Table A. (Prot. 39b of Table III) : 


N° of 
nuclei 

Long 

axes 


Short 

axes 

mm. 3 

(nuclear 

volume) 

Classes 

Interval 
of 50 mm. 3 

3 


27 mm. 

X 

5 mm. 

353.4 

between 350-399 

mean 375 

5 

1 

33 

X 

5 

431.9 

between 400-449 

mean 425 


4 

32 

X 

5 

418. S 

between 400-449 

mean 425 

G 


25 

X 

6 

471 

between 450-499 

mean 475 

1 


29 

X 

G 

546 

between 500-549 

mean 525 

24 

9 

30 

X 

6 

565 

between 550-599 

mean 575 


15 

31 

X 

G 

584 

between 550-599 

mean 575 

34 

10 

32 

X 

G 

G03 

between 600-649 

mean 625 


9 

33 

X 

6 

G21 

between 600-649 

mean 625 


15 

24 

X 

7 

G15 

between 600-649 

mean 625 

20 

12 

27 

X 

7 

692 

between 650-699 

mean 675 


8 

26 

X 

7 

G67 

between 650-699 

mean 675 

6 


28 


7 

718 

etc. 

mean 725 

8 

G 

23 

X 

S 

770 


mean 775 


2 

22 

X 

8 

750 

— 

mean 775 

20 

13 

32 

X 

7 

820 


mean 825 


7 

25 

X 

8 

837 


mean 825 

38 

22 

26 

X 

S 

871 


mean 875 


10 

34 

X 

7 

872 


mean S75 


G 

35 

X 

7 

897 


mean 875 

8 

3 

36 

X 

8 

819 


mean 925 


5 

37 

X 

7 

949 


mean 925 


5 

37 

X 

7 

949 


mean 925 

6 

4 

3S 

X 

7 

974 


mean 975 


2 

29 

X 

S 

971 


mean 975 

4 

3 

30 

X 

S 

1005 


mean 1025 


1 

31 

X 

s 

1038 


mean 1025 
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Figs. 1 A-D. Histograms illustrating the re- 
sult of graphing the data for case 39b (Table 
III) according to different class intervals: 1A, 
200 mm. 3 ; IB, 100 mm. 3 ; 1C, 50 mm. 3 and ID, 
25 mm. 3 . The histograms arc drawn on differ- 
ent scales. 
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4 nuclei, 32X5 mm., had a calculated volume of 418.8 mm., 3 and so on, as 
shown in Table A. Absolute values can be calculated if one wishes; one mm. 
corresponding to 0.53 micron; but this has not been considered necessary, as 
the stud)' is one of relative volume variations. 

Statistical Elaboration of Results. In this Arkin and Colton’s Outline of 
Statistical Methods, 4th edition, Barnes and Noble, Inc., New York, 1942, 
served as a guide. 

The values found (nuclear volumes) were grouped in frequency classes in 
ascending series of sizes of nuclei, as may be seen in Table III, for example. 
The class interval here chosen, for reasons to be discussed below, is 50 mm . 3 
Thus all nuclei having. volumes between 400 and 449 were collected under 
one class represented by the average value 425; all between 450 and 499 were 
collected under the average value 475 and so on (Table A). 


Table B. (Prot.'39b of Table III): 


Classes of 50 mm. 1 (or 0.50): 


375 425 

475 525 

575 025 

675 

625 

775 

825 

875 925 

975 

1,025 etc. 

3 5 

6 1 

24 SJ, 

20 

6 

8 

20 

SS 6 

4 

Frequency (Fig. 1C) 

Classes of 

100 mm. 1 : 









400 

500 

600 

700 


800 


900 1 

,000 

etc. 

8 

7 

68 

26 


28 


46 

10 

Frequency (Fig. IB) 

Classes of 

200 mm. 1 : 









450 


650 


S50 



1,050 


etc. 

15 


84 


74 



10 


Frequency (Fig. 1A) 


Class intervals of 25 mm., 3 100 mm. 3 and 200 mm. 3 might have been used 
as shown for protocol 39b in Table B. The superiority of the 50 mm. 3 in- 
terval for Table III will be apparent from a persual of the frequency histo- 
grams shown in Figure 1A to ID. 

Figure 1A demonstrates the fact that with a class interval of 200 mm. 3 
only one modal class (at G50) emerges. With an interval of 100 mm. 3 three 
modal classes are noted, namely at 400, 600 and 900 mm. 3 (Fig. IB). Greater 
neatness of the three modal classes (at 475, 625 and 875) is seen when the 
class interval of 50 mm. 3 is utilized, as in Figure 1C, which represents case 
39b of Table III (cf. Table B). The 50 mm. 3 class interval has, therefore, 
been employed for the nuclear volumes of muscle cells (Table III). For 
glandular and endometrial cells, whose volumes are greater, by the same 
method of analysis, the 100 mm. 3 class interval was chosen. 

It is apparent that the probabilities of mistake is reduced in proportion 
to the reduction in the class interval (Arkin and Colton). Thus the 25 mm. 3 
interval (Figure ID) gives even a better curve than the 50 mm. 3 interval but 
not enough better to warrant the space necessary for presenting double the 
number of classes. Fifty mm. 3 would, therefore, seem both accurate and 
practicable. 

Further analysis of our data is presented in Figure 2, which reports aver- 
age histograms made up of the arithmetrical mean of the nuclear volumes of 
day 7, 13, 14 and 20, 21, respectively. The calculations were made from 
Table III as follows: 
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Fio. 2. Average histograms of nuclear volumes of muscle cells at three stages of 
pregnancy (see Table III); on the ordinates, nuclear volume frequencies; on the ab- 
scissas, class intervals. Below, schematic diagrams of nuclear sizes. 


The nuclei of each class pertaining to the same time of gestation were 
added and the sum divided by the number of cases involved. Thus in the 
525 mm. 3 class, there is one nucleus of case 36a and two of 36b, a total of 
3 nuclei in two cases, an average of 1.5. In class 575 the average calculates 
to 4 (12 nuclei in three cases). 

Because of lack of space no table has been presented of these calculations 
— the histograms of Figure 2 must suffice to show the trends. Under the 
histograms, the nuclear volumes are represented schematically. 

Determination of Modal Value. In these calculations of modal values, 
Arkin and Colton’s formula (p. 23) has been followed: 



To illustrate with case 39b of Table III which reveals 3 maxima of fre- 
quency (i.e. 3 modal classes): 475, 635 and S75 mm. 3 (cf. Fig. 1C): In this 
case the first modal class is that of 475 mm. 3 (Figure 3). 

L = thc lower limit of the modal class, i.e. that between 425 and 475, or 
450 mm. 3 
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Fig. 3. To illustrate calculation of the modal value (M). See test. 

F — the frequencj r of the class above the modal class; in our example it is 
represented by one nucleus (F= 1). 

/=the frequencj r of the class below the modal class, namety 5(/=5). 
i = the class interval, which in the case of the myometrium (Table III) is 
50 mm. 3 

Substituting: 


M = 450 + (— — X 50^ = 
\1 + 5 / 


458 


458 therefore, represents the modal value of the first class of maximal fre- 
quenc 3 r for the individual case selected, namely 39b of Table III. 

The second modal value is calculated thus: 


/ 20 \ 

M = 600 + ( X 50 = 

\20 + 24 / 


622 


For case 39b we find modal values 458, 622 and 864. 

S64-^-458 = 1.S8 or approximately 2 

S64-^-622 = 1.3S or approximately 1.5 

Persuing the calculations further we arrive at figures closely approximat- 
ing the theoretical numbers of the progression: 1: 1.5: 2: 3: 4: 6 etc. 

For the sake of brevity only Tables I, II and III are presented. These 
show the frequencies of the calculated nuclear volumes and the calculated 
modal values, the fundamental values in this research. 

The mitotic indices and the degree of infiltration of leucoc 3 r tes are also 
presented in the tables. 

The reality of the modal values, in the pureh r statistical sense, is proven 
not only by the constancy of the analyzed cases but also by comparison of 



Table 1 , Uterine lining epithelium 
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all the maxima of frequencies pointed out in the tables; these maxima show a 
perfect correspondence among those values in the different stages studied. 

It may further be pointed out to the reader that a modal class which may 
be called “Secondary” because it is made up of few nuclei in one phase of 
pregnancy, may become a “principal” modal class in another phase. This 
fact demonstrates the biological reality of the modal value, in correlation 
with the rhjdhmic growth of the studied material. 

RESULTS 

If we compare the 3 charts, the first tiring that strikes us is that 
the variations of nuclear volumes in all tissues examined are similar, 
and that they take place simultaneously. Furthermore, the increase 
of the nuclear volume is not steady, but rhythmic, the modal values 
of which are proportional to a basic modal value. Besides this, the 
variations of nuclear volumes are exactly the same in non-dilated 
intermediary as well as in the dilated parts. 

In the first part of these researches (1948) we recorded the varia- 
tions of nuclear volumes during the estrous cycle and artificially 
induced estrus and showed that the lowest modal values found were 
704 in the epithelium, 664 in the glands and 424 in the myometrium, 
which values we take to be our basic values (mode I). 

We next observed on the 7th day of pregnancy a first mode of 
1061 in the epithelium, 655-666 (a) and 678-616 (b) in the myome- 
trium. All these figures corresponding roughly to value 1.5 of the 
above mentioned basic nuclear volume; the same was found during 
diestrum, metestrum and in castrated animals. This modal value, 
which is 1.5 times the basic modal value, we called mode II. The high- 
est- frequency of nuclear volumes was found in modal value 1432- 
1361 (a), 1437-1430 (b) in the epithelium and 870-829 (a), 829-864 . 
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(b) in the myometrium which correspond roughly to twice the basic 
value (mode III). 

The glandular epithelium shows variations similar to those of 
the lining epithelium. There is neither infiltration of leucocytes, nor 
mitoses: only in the myometrium mitoses were some observed (mi- 
totic index: 0.5 and 0.4%: n). 

On the 13th and 14th da} r of pregnancy there appeared both in 
the endometrium and the myometrium, basic modal values (mode I) 
followed by mode II and also the mode which represents the highest 
frequency on nuclei, of twice the basic volume (mode III). A mode 
IV, at 3 times the basic value was observed in the glandular endo- 
metrium. 

At this stage of pregnancy we found also histological changes 
similar to those of estrus, i.e., there is a typical infiltration of leuco- 
cytes and mitotic forms are present in the glands and superficial 
endometrium, as well as, in the myometrium (mitotic index 1.1 and 
0-4%). On the 20th and 21st day of pregnancy the first mode ob- 
served represents values of 1454-1444 etc. in the endometrium, and 
S29-SG4 etc. in the myometrium which equal mode III (twice the 
basic volume), while there is a complete absence of lower values. On 
the other hand, besides mode IV that we found in both tissues, we 
found in the myometrium nuclear volumes of a modal value 4 times 
the basic value (mode V) (average 1592) and of a modal value G 
times the basic value (mode VI) (average 21SS). 

If we look at the histograms Figure 2 showing the myometrium, 
(the same holds for the endometrium) we find the variations of the 
nuclear volumes to be strictly rhythmic. We shall later refer to the 
ratios between the stages of the rhythmic growth. 

On the 20th and 21st day of pregnancy, much infiltration of 
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leucocytes was seen in all uterine tissues: mitoses were found in the 
glands and superficial epithelium as well as in the myometrium. 

DISCUSSION 

The increase in size of the uterus during pregnancy results, as is 
now well known, chiefly, from hypertrophy and hyperplasia depend- 
ing on hormonal function and on the mechanical distention of the 
uterus, caused by the foetus it encloses. 

We shall discuss separately the phenomena of hypertrophy and 
hyperplasia of the uterine elements and compare our data with those 
of the existing literature on the subject. 

Hypertrophy : The increase in size of each individual uterine cell 
is generally admitted to be the main factor of uterine growth. Koel- 
liker (1840), quoted by Crandall (1938), held there is an enlragement 
of muscle cells (hypertrophy) during pregnancy, as well as, hyper- 
plasia. Hammond (1935), Reynolds (1937), Markee and Hinsey (1935) 
and Miyasaki (1938) observed an increasing thickness of the myo- 
metrium during gestation. Markee; Wills and Hinsey (1936) also 
observed an increase in size of the endometrium and of the connective 
tissue. Krichesky (1942), on the basis of his experiments with intra- 
ocular transplantation of uterine parts, held that individual hyper- 
trophy of muscle fibres and interstitial swellings in the muscles, con- 
tribute to the enlargement of the myometrium. He further states 
that the superficial endometrium is also subject to hypertrophy dur- 
ing the first days of pregnancy. Crandall (1938) measured the volume 
of the muscle cells and found that the hypertrophy of these cells 
corresponds to \ or \ of the total increase of uterine volume. 

From the cytological point of view, the variations of cellular 
volume during pregnancy were established almost exclusively with 
regard to muscle tissues. Stieve (1927, ’29b) working with the human 
uterus, and Gander (1930) working on mice, measured not only the 
enlarged muscle cells but also their nuclei and proved that they also 
show variations in size. 

Frobose (1932, ’34, ’35), examining uteri of rabbits and albino 
rats in various stages of pregnancy, observed that the cells as well as 
their nuclei grew steadily, reaching maximum size during delivery. 
He also observed (1932) that the muscle cells of the non-dilated uter- 
ine parts, did not attain to the same size but that their nuclei did, 
which means that the increase in nuclear volume was the same in all 
parts of the uterus. 

Fabris (1935) examining uteri of cows, of pregnant women and 
cases of extrauterine pregnancy, obtained results similar to Frobose’s 
both as to muscle cells and their nuclei. These two authors as well as 
Knaus (1929) also attribute these changes in nuclear size to hormonal 
agents. 

As can be seen on the tables and on Figure 2 the results of our 
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research do not only prove the presence of nuclear hypertrophy 
(endometrium and myometrium) but they also show that this is due 
to hormonal agents, since the changes in the nuclear volume are 
exactly the same, and are simultaneous, in the dilated parts enclosing 
the foetuses and in no.n-dilated intermediary parts. Besides, the 
hormonal agents (estrogens) must be chiefly responsible for the hy- 
pertrophy, since, in a previous publication (1948, 4Fa), we have shown 
that estrone injected into castrated rats induced the growth of the 
nucleus to twice its size, which is equal to the nuclear volume found 
during the normal estrous cycle and during pregnancy. 

That the real origin of the nuclear growth during pregnancj r ap- 
pears to be' at best unknown, is illustrated by the fact that Keiffer 
(192S, ’29) attributed uterine “enlargement (human and guinea pig) 
to the imbibition of cellular water. The author also records that the 
increase in size to all muscle cells and the increase in number of myo- 
fibrillas is connected with the extensibility and contractibility of the 
tissues. He also holds these changes to be due to hormonal agents. 

Our karyometric research however on endometrium and myo- 
metrium during the estrous cj r cle and estrus artificially induced by 
oestrone (1948, 1947a), as well as the results recorded in this paper, 
prove that the increase of the nuclear volume is not steady but rhyth- 
mic, the modal values of "leap” being in proportion to the basic value 
at the rate of 1 : 2 : 4 : S etc. 

Modern karyometric research -work on the interphasic growth of 
the nucleus shows a very evident relation between the nuclear volume 
and the number of chromosomes and chromonemata. Fabris (1935) 
already had said “It is interesting that it should be the nucleus and 
not the cytoplasma that starts hypertrophy.” In 1935 this author put 
forward the following hypothesis: “It seems possible that the increase 
in size of the nucleus is related to a prolific cellular capacity.” 

From the numerous kaiyometric researches we may conclude 
that the rhythmic groivlh of the nucleus is related to the multiplication 
of the nuclear “genome” or genetic elements during the interphasic 
growth of the nucleus. Consequently, we must admit that we call 
hypertrophy is, at least as regards to the nucleus, due to multiplica- 
tion of t he nuclear genome. 

This interphasic growth of the nucleus may show an intermediarj' 
value of 1.5 times the basic volume which has been discussed in many 
of Schreibcr’s researches and in a previous publication in collabora- 
tion with the author (1947a). 

^ c found that on the 7th day of pregnancy (Figure 2) the greatest 
number of nuclei show twice their basic volume (mode III) and 
some show 1.5 times their basic volume, which points to a pause in 
interphasic growth. On the 13th and 14th day of pregnancy small 
nuclei are present, a phenomenon which we shall discuss later when 
dealing with hyperplasia. On the 20th and 21st day of gestation the 
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results obtained are very interesting, especially as to the myometrium, 
since, besides the absence of small nuclei, the histogram shows that 
several nuclei keep on growing and attain three, four and six .times 
their primitive size (mode IV, V and VI). - 

In the endometric tissues the nuclei are large, but generally the}' 
do not exceed twice their primitive size (mode III). 

Summarising, our karyometric researches on uterine tissues show 
that hypertrophy during pregnancy depends on -phenomena con- 
nected with the multiplying mechanism of the cells. The real nature of 
hypertrophy of nuclei, is interphasic growth, both when mitotic divi- 
sion follows, and probably endomitotic growth when the nuclei ex- 
ceed twice their primitive size without dividing. For a further dis- 
cussion on the mechanism and significance of this rhythmic growth 
of the cell nucleus the reader must refer to Sehreiber (1943, ’46). 

Hyperplasia: A considerable number of authors, among them 
Vilian (1849), Heschl (1852), Luska (1S64), Veit (1885), Sanger 
(1887), Nagel (1896), Morales, Hoekl and Meyer all quoted by Fro- 
bose (1932), believe that hyperplasia is the principal factor of uterine 
growth. Amati (1992), quoted by Fabris (1935), observed hyperplasia 
in the myometrium of rabbits brought about by mitotic division of 
the muscle cells during the first days of pregnancy. Cattani and 
Pestalozza (quoted by Fabris, 1935) and Grynfelt (1924-’25) found 
mitoses in the muscle cells of the human at their highest frequency 
during the first months of gestation. These facts were confirmed by 
Gander (1930) who observed hyperplasia in the uterine muscle of 
pregnant rats and mice resulting only from mitoses of pre-existent 
muscular cells. The same was held by Frobose (1932) who, noted in 
rabbits that “the muscle cells increased in number by mitotic divi- 
sion.” 

Fischer- Wassels and Btingeler (1931) found mitoses of the muscle 
cells in the uterus of baby mice after treatment with urine from preg- 
nant woman, and Allen, Smith and Gardner (1937) observed the 
same in normal rats and mice treated with anterior pituitary extract 
and pregnant-mare serum. Crandall (1938) employing the colchicine 
method found abundant mitoses in the circular muscle of the uterus 
of rabbit, right at the beginning of pregnancy. Generally, authors 
admit that the generation of new cells in the uterus, both in the 
myometrium and endometrium, is limited to beginning of gestation, 
although Frobose observed that it may occur during the whole period 
of gestation. 

Our own observation also shows, as may be seen on the histograms, 
that hyperplasia is present on the 13th and 14th day, when even the 
histologic picture is similar to that of estrus. The presence of small 
nuclei (mode I) , besides the presence of numerous mitoses in the 
endometrium and rare mitoses in the myometrium (mitotic index 1.1 
and 0.4%) indicate hyperplasia, since it is highl}' probable that the 
small nuclei are the product of division of large (mode III). 
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On the other hand, the fact that we find on the 13th and 14th day 
of pregnancy a picture similar to that of estrus confirms the experi- 
ments made by Swezy and Evans in 1930. These authors relate that 
the graafian follicles in rats show growth and regression at a rate ap- 
proximately corresponding to the rhythm of the estrous cycle i.e. 
on the 5th, 10th, 14th and 18th day of gestation. It’s quite possible 
that the values shown on our histograms of the 13th and 14th days 
of pregnancy of the rat, will also be found on the other days indicated 
by Swezi and Evans. Moreover, the histograms of the 7t.h day are 
very similar to those of the proestrum (Salvatore, 1948). If this is so, 



Fin. 4. Typical mitoses (prophase) of muscle cells on day 
20 of pregnancy (magnification X14S0). 


mitoses will be found during the several stages of pregnancy (in rats) 
including the last days in the endometrium as well as in the myo- 
metrium. On Figure 4 are shown typical mitoses (prophase) of muscle 
cells on the 20th day of pregnancy. 

Furthermore, the partial development of the follicle in the ovaries 
as well as the presence of mitotic forms in the uterus would be de- 
pendent on the threshold of the circulating hormone. In our foregoing 
publication (194S), we said that one fact struck us as very significant: 
after discontinuing the oestronc treatment of castrated animals there 
appeared numerous mitoses, which might indicate that the decline of 
the estrogenic threshold is the factor which determinates the mitoses 
in uterine tissues. Crandall holds however that the hyperplasia in the 
myometrium is due to a combined effect of estrin end progestin. 
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There is, however, another factor that may determine the pres- 
ence of hyperplasia: it is the mechanical distention of the uterus as 
proved b} r the experiments of Reynolds and Allen (1937), Reynolds 
and Kamminester (1937a, 37b) and Allen, Smith and Reynolds 
(1937) who employed the colchicine method, found typical mitoses 
in the muscular cells of castrated rabbits and in the castrated rabbits 
after progestin had been injected. It must, however, be kept in mind, 
that hyperplasia without hypertrophy — and vice versa — has never 
been found, not even in those objects of examinations obtained by 
mechanical distention, which proves the inter-relation of these two 
phenomena. 

As was shown with reference to the estrous cycle and to artifi- 
cially induced estrus in our previous publications (1948) and may be 
read off our present histograms, hypertrophy always precedes the 
appearance of mitotic forms, which proves that nuclear hypertrophy 
is actually the interphasic growth of the nucleus. Soon after this first 
phase, during physiological estrus, after discontinuing estrone treat- 
ment, and on the 13th and 14th day of gestation (very likely also in 
other stages), mitotic division sets in, the evidence for which, on our 
histograms, is the presence of small nuclei and mitotic forms. It is 
probable that during pregnancy only a part of the cells is subject to 
division, while the other either stops growing at twice their original 
volume or continues its interphasic growth, attaining to large volumes 
as is shown on the histograms corresponding to the 20th and 21st 
day of pregnancy. 

The absence of small nuclei (mode I) on the 20th and 21st day of 
pregnancy, and the presence of such on the 13th and 14th day, to- 
gether with the decrease in number of large nuclei (mode III) and 
accompanied by mitoses, seem to show that the new cells of the myo- 
metrium have their origin in pre-existent muscular cells of the uterus. 
In our opinion evidence for this, is to be found on the histograms cor- 
responding to physiological and artificially induced estrus, completing 
'TSur previous paper (1948). 

On this point there is difference of opinion. Keiffer (1928, 1929) 
would have muscle cells originate from fibroblasts, Joachimovits (1928, 
1929) from special forms of histiocytes. Stieve (1929a, 1929b, 1932) 
agrees more or less with both. Frobdse (1935) contends for a combined 
original from connective tissue and muscle cells. Crandall (1938) and 
Corner (quoted by Reynolds, 1939) agree that a transformation of 
connective tissue to muscle cells is possible. 

With these Fischer- Wassels and Biingeler (1931) disagree on the 
basis of their trypan blue, for muscle cells never contain granules of 
the dye as do connective tissue cells. 

On the basis of the author’s previous work on the estrous cycle of 
the rat and the present study of the pregnant rat, the most reasonable 
interpretation of the statistical findings with the karyometric toch- 
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nique employed is that new muscle cells of the uterus arise from pre- 
existing muscle cells. 

CONCLUSIONS 

The variations of nuclear volumes in the superficially and glandu- 
lar endometrium and in the myometrium during pregnancy are simi- 
lar and take place simultaneously according to the stage of pregnane} 7 . 

The increase in volume of the nuclei is exactly the same in the 
enlarged uterine parts, enclosing foetus, as in the non-dilated inter- 
mediary parts. 

The increase in the nuclear volume during pregnancj 7 is not steady, 
but rhythmic, i.e. it proceeds in leaps. The duplication of the nuclear 
size between 2 steps, indicates with probability the genetic nature 
of that growth. 

The uterine growth is mainly consequence of one phenomenon, 
i.e. the multiplication of the nuclear genome. Hypertrophy and hyper- 
plasia are manifestations of this process. 

a) Hypertrophy of the nuclei is mainly interphasie growth, after 
which mitotic division take place; probablj 7 it may also be “endomi- 
totic growth” when the nuclei keep growing and attain three, four 
and six times their primitive size even though they do not divide. 
The genetic significance of the rhythmic growth has been discussed 
in the papers of Schreiber. 

b) Hyperplasia is the final of interphasie growth of several nuclei. 
In the myometrium hyperplasia very likely takes place by means 

of division of pr&nxistent muscular cells and not by means of trans- 
formrition of connective tissue cells into muscular cells. 

On the 13th and 14tli day of pregnane} 7 the cells multiply in cycles 
similar to those that may be observed during estrus. 
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THE USE OF STILBESTROL INHIBITED MALES AS 
TEST ANIMALS FOR GONADOTROPHIC HORMONES 

A. V. NALBANDOV and G. J. BAUM 
From the Department of Animal Science 
UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 

That estrogenic substances have an inhibiting effect on the 
gonadotrophic activity of the pituitary of mammals has been ampty 
demonstrated in endocrine literature. The use of stilbestrol as a 
“fattening” hormone in chickens has shown that a pronounced modi- 
fication of the rate of function of the pituitary may be accomplished. 
Implants of as little as 15 mgs. of stilbestrol into males will cause com- 
plete regression of the testes and subsequently the comb, while 
larger doses will lead to a cessation of growth and will induce condi- 
tions in some instances resembling surgical hypophysectomy (Nal- 
bandov & Card, 1943). These observations led to the idea that the 
physiological inhibition of the pituitary by estrogen may be used in 
the laboratory in place of surgical hypophysectomy. The advantage 
of the former lies in the fact that it is possible to make implants into 
large numbers of animals in a very short time, that mortality is as 
low as that of controls and that physiologically hypoph 3 r sectomized 
males may be restored to normal, if that should be desired, by re- 
moving the pellets of stilbestrol. Unlike liypophysectomized animals, 
physiologically inhibited males can be kept under the same environ- 
mental conditions as untreated controls, the mortality being not any 
greater than that of the controls. It is also possible to produce “de- 
grees” of physiological hypophysectomy by varying the dosage of 
estrogen given. 

The disadvantages of this method are that occasionally a few of 
the males (1-2%) do not respond to the dose of stilbestrol given. In 
some males, a very small percentage, the implants become incapsu- 
latcd and the pituitary may begin to function subnormally or even 
normally at an inopportune time in the experiment. Such cases are, 
as a rule, easily detected. In spite of these drawbacks, which are not 
any greater than the possibility of incomplete hypophysectomy or the 
danger from postoperative mortality, it appears that physiological 
hypophysectomy of males has definite advantages as a substitute for 
surgical hypophysectomy. 
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ANIMALS AND TECHNIQUES 

White male rats of the Sprague-Dawley strain weighing around 40 grams 
were used. In one experiment a pellet containing 15 mg. of diethylstilbestrol 
was implanted subcutaneouslj" into each rat while in another experiment 
two such pellets were used. The implant can be made with or without light 
ether anesthesia, the slit in the skin being made in the region of the posterior 
dorsal third of the bod}". The pellet is then manipulated until it is lodged be- 
tween the shoulder blades. It is recommended that reasonabfy clean tech- 
niques be used during this operation and that the pellet be dipped in alcohol 
prior to implantation. These precautions reduce the danger of infection and 
abcess f ormation which contribute to the undesirable incapsulation of pellets. 

In the chicken the technique is similar except that here the implant is 
made in an area which is free from feather tracts, usually along the breast. 
This makes it possible to see the pellet through the skin and to check the 
birds periodically for the condition of the implant. In all our experiments, 
White Leghorn chickens were used. These are cheaper than are the males of 
the heavy breeds and are found to be much more sensitive to exogenous and 
endogenous hormones. The ages of the birds used varied from 20 to 200 days. 
In the experiments discussed here, the males weighed on the average 750 
grams at the start of the experiment and were about 70 days old. 

To test the response of stilbestrol implanted males to gonadotrophic hor- 
mones, PMS (Gonadogen) and purified preparations of LH and FSH were 
used. The PMS was injected at the rate of 25 Cartland-Nelson units per 
male in 8 days, while the FSH or LH preparations were injected at the rate 
of 5 grams equivalent (in terms of acetone dried sheep pituitary powder) 
per male in 8 da}"s. 

On all rats the following measurements were obtained at the time of 
autopsy: body weights, testes, seminal vesicles, adrenals, thyroids, and pi- 
tuitary weights. In chickens, in addition to the above measurements comb 
size (the product of length and height) was used as the index of the rate of 
androgen secretion. 

Two experiments using rats were done. In the first, the implants were 
made when the males were 21 days old. Each 7-day period after the day of 
implantation 5 treated and 4 untreated control rats were killed and the organ 
weights obtained. Thus a group of 5 males each was killed when it had been 
under the influence of stilbestrol for 7, 14, 21, and 28 days, respectively. The 
rats in each group were compared 'with untreated animals of the same sex 
and age. 

In the second experiment two 15 mg. pellets of stilbestrol were implanted 
into each male and a period of 21 days was allowed to elapse before the first 
sample of organs was taken. At the end of the 21-day implantation period, 
some of the estrogenized rats were started on injections of pregnant mare 
serum (PMS — Gonadogen). Again in this experiment autopsy was per- 
formed every 7 days so that successive groups of 3 rats each had been im- 
planted 21, 2S, 35, 42, 49, and 56 days, respectively. Other groups (5 rats in 
each) had been implanted the same number of days as the above groups but 
in addition had been injected with PMS for 7, 14, 21, 28, and 35 days. A 
third series of groups of 3 rats each had received neither hormone treatment 
and served as normal controls. 
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The. experiments involving chickens also consisted of two phases. The 
first was planned to obtain information on the effect of prolonged action of 
stilbestrol on the physiology and the organ weights of males. In a second 
experiment the response of estrogenized cocks to FSH and LH was studied. 
The first experiment was set up in the same manner as was outlined for the 
rat trials, the last group of birds being killed 35 days after the implants were 
made. Three normal controls and 4 estrogenized chickens were killed at the 
end of each of the 7 day intervals. 

RESULTS 

Rats : The results obtained following stilbestrol inhibition are in 
agreement with the traditional expectations of the effects of estrogen 
on the pituitary gland. 

Statistically significant (at the 1% level) reductions were obtained 
in body weights, testes and seminal vesicle weights (Table 1). The 
differences between the normal controls and the stilbestrol treated 
males with regard to adrenal, thyroid, and pituitary weights were 
statistically not significant, but in all cases these glands were heavier 
(in percent of body weight) in the inhibited males than they were in 
the controls. 

The testes of estrogenized rats were reduced to about -} of the 
weight of the testes of the controls during the shorter experimental 
period and to about 1/10 of normal during the longer inhibition 
period. In proportion to the body weight, the seminal vesicles were 
only slightly smaller in the experimental group during the shorter in- 
hibition period. This difference, however, was much more pronounced 
after the more prolonged inhibition. On an actual-weight basis, the 
seminal vesicles did not stop increasing in weight in either group in 
spite of the complete arrest of testes growth. This was explained by 
the finding on histological study of these structures that large 
amounts of connective tissue were laid down presumably as the re- 
sult of prolonged estrogen treatment. The epithelium of the seminal 
vesicles was, however, of the typical castrate appearance and the 
glandular portion of this structure was found by microscopic exam- 
ination to be completely atrophic. Results of injection of PMS into 
stilbestrol inhibited males showed that, in spite of prolonged inhibi- 
tion of the pituitary with estrogen both the testes and the seminal 
vesicles retained their sensitivity to their respective trophic hormones 
(Fig. D- 

The males injected with PMS did not show any difference in the 
rate of gain in body weight from their untreated controls but they 
continued to gain after the body weights of controls reached a plateau. 
The final body weight of the inhibited males treated with PMS was 
significantly higher than that of the controls. It- is possible that this 
growth response is due, at least in part, to a thyrotrophic effect of 
PMS. In addition to this experiment, thyrotrophic action of PMS 
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was also noted in tests which involved baby chicks. Whether this 
effect is due to thyrotrophic action of PMS itself or whether it is due 
to the release of thyrotrophic hormone from the animal’s own pitui- 
tary under the influence of PMS, remains problematic. It appears 
possible that the growth stimulating effect of PMS noted here and 
elsewhere ma 3 r be meditated through the thyroid. 




Fio. 1. Comparison of the effects of stilbestrol inhibition on body weights, comb areas, 
testes weights, and seminal vesicle weights of chickens and rats. 


Chickens: In general, the same effects that were observed in the 
rat also held true for the chicken. The major difference between the 
responses of the two species lies in the fact that the dosage of stil- 
bestrol used (15 mg. per animal) was not enough to cause any change 
in the rate of gain in the chicken. At the level given, stilbestrol led 
to unusual deposition of abdominal and subcutaneous fat, but the 
rates of gain for the treated group and their controls were not signifi- 
cantly different. The differences between the testes weights and the 
comb areas between the treated and untreated cocks were very great 
and statistically significant at the 1% level (Table 1). The differ- 
ences in weight between (he other organs measured were due to 
chance alone. 

Stilbestrol inhibition reduced testes weights within two weeks after 


376 


NALBANDOV AND BAUM 


Volume 43 


tlie implant to 0.15% of body weight, while in the controls the testes 
weight was 0.31%. By the fifth week after the implant the, inhibited 
testes were 0.03% of body weight while the controls had testes which 
comprised 1.64% of body weight. For the whole experimental period 
the average testes weights of the inhibited birds were 0.13% while 
those of the controls were 0.56% of body weight. The reduction in 
testes weight during the first 4 weeks of stilbestrol inhibition is not as. 
great as that observed following hypophyseetomy but is as pronoun- 
ced at the fifth week as has been observed after surgical hypophy- 
seetomy. 

Unlike the testes, the comb reaches its minimum size and levels 
off within 7 to 14 days after silbestrol implantation (and incidentally 
also after hypophyseetomy). In younger males and in those in which 
the comb is small, complete regression occurs within a minimum of 
7 days, while this process requires a slightly longer time in older birds - 
and in those in which the comb is developed beyond average. The 
rapidity of comb regression indicates that in both surgical and physi- 
ological removal of the pituitary, circulating gonadotrophic hormones, 
and hence androgen, reach a minimum level within a very short time. 
Evidence of nonsupport of the comb by androgen is apparent almost 
immediately (1 to 2 days) after either hypophyseetomy or stilbestrol 
implantation. One of the main advantages of using physiologically or 
surgically hypophysectomized cocks lies in the fact that either in- 
complete inhibition of the pituitary or partial hypophyseetomy be- 
come immediately obvious because of non-regression or continued 
growth of the comb. 

EFFECTS OF GONADOTROPHIC HORMONES ON COCKS 

In a previous paper Nalbandov, Meyer, and McShan (1946) have 
shown that hypophysectomized cocks are sensitive test animals for 
even traces of luteinizing hormone. It was shown that while prepara- 
tions of FSH free from LH do not cause comb growth, they are cap- 
able of causing marked increases in testes size. Histological study of 
the testes confirmed the expectation that LH causes an increase in 
testes size by increasing the amount of interstitial tissue, Avhile FSH 
has the same effect by its action on the proportion and size of the. 
seminiferous tubules. Preparations of FSH contaminated with small 
amounts of LH were found to cause a significant increase in testes 
weight but no significant increase in comb area. Invariably, however, 
such a preparation did cause a reddening of the head region which is 
characterized in the untreated hypophysectomized bird by a grey 
pallor. Flushing of the skin of the head region, reddening and eventual - 
growth of the comb are the result of the action on the testes of LH. 
The intensity and the degree of the response are directly correlated 
with the amount of LH injected or the ratio of this hormone to FSH 
if it is injected in a mixture with FSH. 
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Responses identical to those described for the surgically hy- 
pophysectomized cock were found in males inhibited with stilbestrol 
(Table 2). FSH alone can be distinguished from all preparations con- 
taining LH by the fact that the former never produces increases in 
testes weight of more than 60% over the controls while all LH prepara- 
tions (at the levels injected) invariably caused testes weight increases 
of at least 100%. Pure FSH, FSH contaminated with LH, unfrac- 
tionated anterior pituitaries, and pure LH produced the same effects 
on estrogen-inhibited males as they did on hypophysectomized males. 


Table 2. Comparison of the effects of different gonadotropes 

ON THE ESTROGENIZED COCK 


Hormone injected 
(after stilbestrol 
inhibition) 

Color of 
head region 
and comb 

Size of 
comb 

Average 

testes 

weight 

(gms.) 

Tubule 

diameter 

None 

pale grey 

+ 

.2S 

4* 

FSII (pure) 

pale grey 

+ 

.39 

++++ 

FSH and “trace” of LH 

red 

+ to + + + 

.GO 

++++ 

Whole sheep pituitary 

red 

+ + + + 

.64 

+ + + + 

LH (pure 7) 

red 

+ + + + 

1.00 

-f (or 4* + ?) 

PMS 

red 

+ + + 4 * 

.67 

+ + + + 

Untreated 

red 

normal 

9.45 

normal 


In both hypophysectomized and estrogenized cocks maximum 
comb size following treatment with LH-containing gonadotrophic 
hormones was reached within 9 to 15 days after the first injection. 
For reasons which are to be discussed in a subsequent paper the comb 
size, and to some extent the testicle size, then decreased in spite of 
continued injection. Within about 10 days after reaching a maximum 
area, the comb returned to its preinjection size and became completely 
atrophic, while the testes leveled off or were reduced in size somewhat. 
Estrogenized or hypophysectomized males which have been treated 
once with an LH containing gonadotrophic hormone never again 
responded to such treatment, precluding the possibility of using such 
males more than once. This peculiarity is restricted as far as known 
to the chicken (possibly birds in general), and may not hold true for 
the rat although the evidence on this point is not complete. 

THE USE OF COCKS AS TEST ANIMALS FOR 
GONADOTROPHIC HORMONES 

The results discussed in the previous section make it possible to 
make the following recommendations for the use of males inhibited 
with stilbestrol as test animals for gonadotrophic hormones. The 
male rat appears to be as sensitive as is the chicken. The chicken has 
the advantage over the rat of having an externally visible and meas- 
urable secondary sex character, the comb, which is very sensitive to 
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even small doses of LH and hence androgen. It is also much cheaper 
than the rat and in many instances more easity available. 

White Leghorn males were used because of their great sensitivity 
to hormones, their small size and the fact that they are cheap, occa- 
sionally being given away by hatcheries. They can be used at any age 
from 30 to 200 days of age. A 15 mg. pellet of stilbestrol is implanted 
subcutaneously and at the same time a measurement of the height 
and length of the comb is made. Further comb measurements are 
made on days 7, 9, 11, and 13 after the treatment. With younger 
birds the comb usually reaches its smallest size on day 7, and as soon 
as a plateau is reached injections are begun. Satisfactory tests are 
obtained with either 8 injections in 4 days or 8 or 16 injections in 8 
days. A final comb measurement is obtained after the last injection, 
the chickens are killed and the testes removed for weighing. The stil- 
bestrol pellet can be recovered and used over again although it is 
suggested that at least two “used” pellets' be implanted to assure 
adequate inhibition. As already mentioned, estrogen inhibited or 
hypophysectomized birds once complete^ stimulated with an LH- 
containing hormone preparation lose their ability to respond to such 
mixtures and for that reason can not be used for the testes more than 
once. 

DISCUSSION 

While estrogenized male rats were found useful as test animals 
for gonadotrophic hormones, estrogenized cocks are preferred for 
tills purpose in this laboratory. In both the rat and the cock suffi- 
ciently complete physiological hypophysectomy can be produced 
with stilbestrol to permit them to be used as test animals for gonado- 
trophic hormones. Estrogenized cocks appear better suited for quali- 
tative and quantitative gonadotrophic hormone assays because they 
possess the externally visible and measurable secondary sex character, 
the comb, which was found to be a reliable and sensitive indicator 
for endogenous androgen. Furthermore the coloration of the head 
region was found to be a sensitive indicator for traces of luteotrophic 
hormone, such traces causing a reddening of the head skin. The ob- 
vious advantage of estrogenized over hypophysectomized animals 
lies in the ease of their preparation. 

Estrogen inhibition has been tried on chickens of many age 
ranges and chicks as young as 30 days were found as useful as were 
older birds. In general, animals less than 6 months of age were found 
more sensitive to test hormones and easier to inhibit with stilbestrol 
than older birds. Injected gonadotrophic hormones cause more uni- 
form increases in the testes of younger birds than they do in those of 
older inhibited males. 

The estrogenized chicken is peculiarly well suited as a test animal 
for the qualitative and quantitative characterization of gonadotrophic 
hormones. Its use makes it easy to distinguish between pure FSH and 



December, 1948 


GONADOTROPHIN ACTION 


379 


preparations of FSH contaminated with even small amounts of 
LH. The test is based on the “all or none” response of the comb and, 
provided the inhibition of the pituitary is complete, is a more reliable 
indicator of LH than are the ovaries of the immature hypophyseeto- 
mized or intact rat. By taking into consideration comb size, testes 
size and the histological appearance of the testes, it is possible to de- 
termine whether an LH preparation is contaminated with small or 
large amounts of FSH. Although the data on this point are not suffi- 
cient, indications are that if a preparation of LH is completely free 
from FSH, it will not cause any increase in tubule diameter over that 
found in uninjected controls. 

Because of the nature of the test and its reliability, the numbers 
of animals necessary for the characterization of a gonadotrophic pre- 
paration are smaller than would be required if female rats were used. 

SUMMARY 

In immature male rats and chickens the subcutaneous implanta- 
tion of 15 mg. of diethylstilbestrol causes a complete inhibition of 
the animal’s own pituitary. This in turn leads to a complete regres- 
sion of the testes and atrophy of the secondary sex organs supported 
by androgen. 

This effect makes it possible to use such estrogenized males as 
test animals for the characterization of gonadotrophic hormones. 
This substitute for surgical hypophysectomy has many obvious ad- 
vantages over the more time consuming technique. 

Estrogenized immature cocks were found to be particularly well 
adapted to serve as test animals for quantitative and qualitative 
assay of gonadotrophic preparations. By considering the changes 
produced in comb size, testes weight, and testes histology it is possible 
to distinguish positively between pure FSH, FSH and LH mixtures, 
and pure LH preparations, and naturally occurring mixtures of the 
two hormones. 
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FORMATION OF SECONDARY DECIDU OMATA IN 
SPAYED MICE AND LACTATING RATS 

P. CONSTANTINIDES 

From- the Institut de Medecine el de Chirurgic cxpenmentales , 

UNIVERSITY DE MONTrYaL, MONTREAL, CANADA 
INTRODUCTION 

It has been known since the classical observation of Loeb (1907) 
that the properly sensitized uterine endometrium responds to a trau- 
matic stimulus with a rapid local proliferation that imitates the 
maternal portion of a placenta. 

This growth has been named a deciduoma or placentoma and it 
is mainly during the last decade that our knowledge about its mor- 
phology and experimental physiology has been considerably advanced 
as a result of the work of Selye and McKeown (1935), Krehbiel 
(1937), Rothchild et al. (1940), Astwood (1939), Atkinson (1944) and 
others. 

We now know that a deciduoma develops only under highly speci- 
fic hormonal conditions, that it inevitably and rapidly involutes 5-6 
days after its coming into existence, that its life span cannot be ap- 
preciably prolonged beyond that time and that a “metrial gland” 
(another short-lived structure) develops when the deciduoma starts 
to regress, only to completely disappear after 5 more days. 

However, a number of important questions have remained un- 
settled. One of these has been the subject of a controversy in recent 
years: it has been repeatedly affirmed and denied that a (primary) 
deciduoma, once established, inhibits the development of a subse- 
quent (secondary) deciduoma. 

The earliest relevant statement came from Selye and McKeown 
(1935) who, in the course of other extensive studies on the experi- 
mental physiology of deciduomata, observed that in a series of 11 
lactating rats, secondary deciduomata developed in only six instances. 

Subsequently, Rothchild and Meyer (1942) stated without data 
that primary deciduomata do not inhibit secondary deciduomata in 
the spayed rat. 

Next, Lyon and Allen (1943), confirmed Selye and McKeown’s 
original observation in lactating rats, and as they were able to over- 
come the inhibition with estrogens, suggested that the growing pri- 
mary deciduoma might consume estrogen: 

Two years later, Atkinson and Leathern (1945) reported a com- 
plete inhibition of secondary by primary deciduomata in the spayed 
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mouse but did not speculate on the nature of the mechanism. 

It was only recently that the problem was approached with more 
quantitative methods. Peckham and Greene (1947) studied the in- 
hibition in spayed rats and lactating rats with adjusted litters, ap- 
plying four stimuli per uterine horn and thus making it possible to as- 
say the intensity of the response. They also measured the size of each 
deciduoma (maximal diameter of the unfixed tissue), calculated sta- 
tistical significance of results and checked for the non-specific effect 
of surgical trauma by performing mock-operations in place of the 
primary stimulation in control groups. They found no significant de- 
pression in either the number or the size of secondary deciduomata 
in the lactating rat. In the spayed rat they observed a significant de- 
pression in the size, not in the number, of secondary deciduomata 
timed similarly and preceded by a mock-operation instead of a pri- 
mary stimulation. Hence they concluded that the depression of the 
size was due to the non-specific effect of surgical trauma and pro- 
longed injections. 

In summary then, the pertinent literature suggests that there is 
no specific inhibition in the spayed rat, that it exists in the spaj r ed 
mouse, that it is doubtful in the lactating rat and that whatever in- 
hibition is observed is due to non-specific effects. 

As the whole question has possible implications in the fields of anti- 
tumorigenesis, implantation physiology and stress pathology, it was 
the purpose of this study to investigate the following points: 

1. Does the inhibition exist in the spayed mouse or the lactating 
rat? 

2. Is the time interval between the two stimuli essential for the 
inhibition, i.e. is the metrial gland involved? 

3. Do non-specific factors depress the deciduoma response? 

MATERIALS AND METHODS 

Female Wistar albino rats weighing 250-300 gm. were used for the lacta- 
tion experiment and female Swiss albino mice weighing 25-30 gm. for all 
other experiments. The mice received a daily subcutaneous injection of 1 
mg. progesterone in 0.05 ml. maize oil for varying periods of time after spay- 
ing. The uterine trauma consisted in passing a #50 black cotton thread 
transversely through the uterus and tying it loosely. In almost all instances 
three threadings were applied per horn. Experimental and control groups 
were run simultaneously. The deciduomata were assayed 4S hours after fixa- 
tion of the uteri in 10% formalin. The evaluation of the response was based 
on three criteria: 

1. The number of deciduomata developing per horn. We preferred to express 
it as mean response per horn instead of pooling ail positive responses in a 
group and expressing them as a percentage of the total possible number of 
responses. In this way we were able to calculate standard errors of the means 
and avoided the erroneous comparison of pcrccntaces between unequal 
groups. 
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It should be noted that the counting of macroscopically unquestionable 
deciduomata alone frequently misses small but microscopically definite re- 
actions. It sometimes happened that after histologic examination the number 
of positive responses was found to be considerably higher than before. Step- 
serial sections were therefore done in every macroscopically negative or 
doubtful instance. 

2. The maximal diameter of the deciduoma measured at an axis perpen- 
dicular to the mesometrial-antimesometrial axis. All measurements were 
made by the same observer to the nearest 1/64 of an inch and expressed in 
this unit. But the diameter does not always reflect the real size of the de- 
ciduoma. An oval or oblong deciduoma may have a greater total volume 
than a spherical one of the same diameter. 

3. The ?nass of the deciduoma-bearing horn in milligrams. This third cri- 
terion was introduced in order to get a direct expression of the quantity of 
the newly proliferated deciduoma tissue. It should be noted that the range 
of weight of a non-stimulated horn under progesterone is 15-35 mg., with a 
mean of 22. After stimulation, the horn may weigh from 100 to 350 mg. 
depending on the stage of the deciduoma development. In our opinion, the 
weight was the most reliable index of the intensity of the response. 

The standard error (e) of any mean was calculated from the formula 



the standard error of the difference between two means from the formula 

V €l® + «2 2 ,' 

the probability that the difference between two means is due to chance (P) 
from Fischer’s table of t. Any difference with a P greater than 0.01 was 
considered not significant. 

RESULTS 

(A) Spayed Mice. The experiments with spayed mice can be classified 
in the following five groups : 

a) Heterolateral application of primary and secondary stimulus 
with variation of the time interval between the two stimuli. 

These experiments were done in order to find out whether the re- 
ported desensitization of the contralateral horn by a primary decidu- 
oma -was a function of the time that separated the two stimulations. 
Assuming that a specific inhibition existed, there were reasons to ex- 
pect that at a certain time it would be maximal, while later on it 
would disappear. 

For this purpose various groups of mice ■were spayed and begin- 
ning 48 hours later injected with 1 mg. progesterone daily until they 
were killed. On the 4th day after commencement of the progesterone 
treatment the left horn was stimulated in all experimental groups, 
while a laparotomy was simultaneously performed in all controls. 
The right horn was stimulated in both experimental and control 
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groups at different intervals (3, 6, 8 and 11 days) after stimulation 
of the left horn, a pair of experimental and control groups being 
dedicated to each interval. All animals were killed four days after 
stimulation of the right horn. The characteristics of the right horn 
deciduomata as well as the mean number of the left horn responses 
are contained in Table I. (The experiment with an interval of 3 days 
between the two stimulations was performed twice.) 


Table I 


Time interval 
between the 
two stimu- 
lations 

Group 

Number 

of 

animals 

Mean 
number 
of decid. 
per right i 
horn it j 

Mean 
diameter 
of right 
horn 

decid. it 
(in 1/64') 

Mean 
weight 
of right 
horn 
decid. It 
(in mg.) 

Mean 
number 
of decid. 
per left 
horn 1« 

3 days. 

First perform. 

Exp. 

10 

2 .0 ±0 .3 




Control 

7 

3.0+0 1 

0.310.1 

9714 1 


P 

0.2 

0.6 

0.2 


3 days. 
Repetition 

Exp. 

13 

2.8+0.15 

6.7 10. S 

118113 

2.710.2 

Control 

13 

2.710.2 

6.110.6 

105111 


P 

.SHMhkmBK. 

0.6-0. 5 

0.5 


0 days. 

Exp. 

S 

2.510.3 




Control 

10 

1 .910.4 

5.210.5 

6919 


P 

0.3-0. 2 j 0.1 

0.05 

, 

8 days. 

Exp. 

9 

| 2.1 +0.4 

6.4 10.7 

119+31 

2. 7+0.1 

Control 

G 

2 .0 10.4 

G.5 ±0.6 | 

114149 

, 

P 


0.9 

0.9 


11 days. 

Exp. | 7 

2 ±0.3 

4.S10.3 | 5817 

2.610.2 

Control | 7 

1.910.3 1 4.910.G 

64111 | 


P 

0.2 | 0.9 

0.7 | 


The results clearly indicate that there is no significant difference 
between the number, size or mass of the deciduomata that were pre- 
ceded by other deciduomata and those that were preceded by a lap- 
arotomy, whether the two stimulations were 3, 6, 8 or 11 days apart. 
One is driven to the same conclusion if the mean values of all experi- 
mental and all control groups are pooled as in Table II. 

It is striking that the deciduomata that developed after 16 days 
of progesterone treatment (the 11 days interval between the two 
stimuli) — whether preceded or not by other deciduomata — were 
significantly smaller in size and mass than those of every other single 
group except, the control group in the 6 days interval. Due to its 
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Table II 


Group 

Number 
of animals 
per 
group 

Mean 
number of 
decid. per 
right 
horn ± e 

Mean 

diameter of 
right horn 
decid. +£ 

(in 1/64") 

Mean 
weight of 
right horn 
decid. +e 
(in mg.) 

Mean 
number of 
decid. per 
left 

horn + £ 

Experimental 

47 

2.4+0.14 

6.1 ±0.42 

101+11 

2. 7+0.1 

Control 

43 

2.4+0.25 

5. 8+0. 3 

90+9 


P 


0 

0.6 

0.5 



singular occurrence, the latter irregularity must be attributed to 
chance. 


b) Effect of extirpation of the primary-deciduoma-bearing horn on 

secondary deciduomata. 

One would expect that if a primary deciduoma exerts any influ- 
ence on a secondary, its extirpation prior to the second stimulation 
should remove that influence. For that purpose eight mice were 
spayed, and beginning 48 hours later injected daily with 1 mg. pro- 
gesterone until they were lolled. On the 4th day after commencement 
of the injections the left horn was stimulated. On the 8th day, this 
horn with its fully developed deciduomata was extirpated and on the 
11th day, the right horn was stimulated. The animals were lolled on 
the 15th day. 

A control group was run simultaneously, timed similarly and sub- 
jected to the same experimental procedure, except for the fact that 
the extirpation of the left horn deciduomata was omitted. 

The right horn deciduomata of both groups are compared in 
Table III. 

Table III 


Group 

Number 
of animals 
per 
group 

Mean 
number of 
decid. per 
right 
horn ± £ 

Mean 

diameter of 
right horn 
decid. ±£ 

(in 1/64") 

Mean 
weight of 
right horn 
decid. ± € 
(in mg.) 

Mean 
number of 
decid. per 
left 

horn ±£ 

Hysterec- 

tomized 

8 

2.1 +0.4 

5.2 ±0.4 

102 ±20 

3 ±0 

Intact 

8 

2.5 ±0.3 

6.3 ±0.4 

103 ±12 

2.8±0.2 

P 

0.4 

0.1-0.05 

0.9 



It can be seen that the removal of the primary deciduomata did 
not affect the secondary deciduomata. 

That the insignificant depression of the average values for number 
and size of secondary deciduomata in the hysterectomized group was 
not due to the greater surgical trauma in that group was further proven 
in subsequent experiments designed to study the effect of non-specific 
stress on deciduomata. 
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c) Homolateral application of primary and secondary stimulation. 

If a deciduoma inhibits another deciduoma by either consuming 
or producing a hormone, the resulting gradient of inhibition should 
have its maximum in the uterine area immediately adjacent to the 
primary deciduoma. To test this, six mice were castrated and begin- 
ning 48 hours later, received daily injections of 1 mg. progesterone 
until they were killed. On the 4th day of progesterone treatment the 
left horn was stimulated at two points separated by a distance of 
about one cm. On the 11th day, a single stimulus was applied between 
the two deciduomata that had developed in the left horn as a result 
of the stimulation on the 4th day. The right horn was also stimulated 
singly on that occasion. Three days later the animals were lulled. The 
secondary deciduomata of the left and right horn are compared with 
each other in Table IY. 


Table IV 


Group 

Number 

of 

animals 

Total 
number 
of sec- 
ondary 
decid. 

Expected 
number 
of sec- 
ondary 
decid. 

Mean i 

diameter 
of secondary' 
decid. ±* 

(in 1/04') 

Total 
number 
of pri- 
mary 
| decia. 

Expected 
number 
of pri- 
mary 
decia. 

Secondary' decid. of the left horn 
*=» (homolateral to primary decid.) 

6 

0 

0 

6± 0.3 

n 

12 

Secondary decid. of the rifiht horn | 
( « contralateral to primary decid.) | 

6 

0 

c 

G± 0.3 




It is evident from the data that there is no difference between 
the number or size of secondary deciduomata developing in the horn 
containing the primary deciduoma and those of the contralateral 
horn. 

d) Effect of non-specific stress on decidxiomata. 

Peckham and Greene -(1947) concluded from some of their experi- 
ments that the non-specific effect of surgical trauma and prolonged 
treatment was responsible for the significant depression of the second- 
arj r response in spayed rats and also suggested that the same non- 
specific factors “might have a greater influence on the (deciduoma) 
reaction in the mouse, i.e., instead of merely r decreasing the size of 
the secondary deciduomata . . . they might prevent their formation.” 

I he following experiment was designed to test this hypothesis: 
Four groups of spayed mice were treated with progesterone in the 
usual way, traumatized in the right horn on the 4th day and lulled 
on the Sth day of treatment. Of these four groups one served as non- 
sfressed control, while each of the other three was exposed to a differ- 
ent ty pe of general stress during the entire period of progesterone 
treatment. 

Cold, formalin injections and extensive operative trauma with 
repeated narcoses were the types of stress employed. 

In the group exposed to cold the animals were put in the refriger- 
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ator at 0°C twice daily for 5 hours with an hour’s rest period between 
the two expositions. 

In the formalin treated group the aninials were injected twice 
daily with 0.05 ml. of a 10% formalin solution subcutaneously. 

The third experimental group was unilaterally nephrectomized, 
splenectomized and partial^ pancreateetomized on the second day of 
progesterone treatment and subjected to deep ether anesthesia twice 
daily for ten minutes during all subsequent days. 

The characteristics of the deciduomata that developed in those 
four groups are compared with each other in Table V. 


Table V 


Group 

Number 

of 

animals 

Mean 
number of 
decid. per 
horn +e 

Mean 

diameter of 
decid. per 
horn + e 
(in 1/64") 

Mean 
weight of 
decid. per 
horn ± e 
(in mg.) 

I. Non-stressed control 

13 

2. 7+0. 2 

6.1 +0.6 

105 + 11 

II. Operations -(-anesthesia 

6 

3 ±0 

7+0.5 

122 + 19 

III. Cold 

8 

3 ±0 

7.4+0.35 

119 ± 18 

IV. Formalin* 

4 

2. 5+0. 5 

6.3 + 1 .2 

99+27 

P of I versus II 


0. 2-0.1 

0.3 

0.5 

P of I versus III 


0. 2-0.1 

0. 2-0.1 

0.5 


* The P of I versus IV was not calculated as only 4 animals survived in the for- 
malin group (from an original number of 12). It seems certain however that formalin 
did not depress the deciduoma formation any more than the two other types of stress. 


It is obvious that considerable non-specific stress applied con- 
tinuously before, during and after the uterine stimulation does not 
depress the deciduoma formation in the spayed mouse. The higher 
average values for number, size and mass of the deciduomata in stress 
groups II and III, although not significant and probably due to the 
smaller number of animals in those groups, suggested the possibility 
that stress itself might synergize progesterone in the target tissue 
either through discharge of a luteoid hormone from the adrenals or 
through some other mechanism. It would be interesting to see whether 
stress alone, without progesterone, could sensitize the uterus. For that 
reason four mice were spayed; starting 48 hours later they were put 
in a refrigerator at 0°C for ten hours daily and exercised in the re- 
volving chamber for two hours daily until they were lolled. On the 
4th day after commencement of stress the uterus was stimulated in 
the standard way and on the 8th day the animals were killed. Another 
4 animals served as non-stressed controls; of these, 2 received proges- 
terone and 2 did not. 

No deciduomata developed in any of the experimental animals. 
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Histologic examination of the uteri revealed that bjr Hooker’s cri- 
terion (1945) there were no demonstrable luteoid or folliculoid hor- 
mone-levels in the organism. The control animals reacted as expected. 
(B) Ladating rats. In the experiment of Peckham and Greene (1947) 
with lactating rats the second stimulus was applied 3 days after the 
first one. As earlier investigators who obtained a depression of the 
secondary response had applied the second stimulus later, at a time 
when a “metrial gland” had formed as a result of the first stimulation, 
it was considered appropriate to separate the two stimuli by an in- 
terval of G days. 

In an experimental group of seven lactating rats the left horn was 
traumatized on the fifth daj r and the right horn on the 12th day after 
parturition. The animals were killed on the 16th day. 

In another control group of seven lactating rats, timing and opera- 
tions were identical except for' the fact that a mock-operation was 
performed in place of the stimulation of the left horn. The litters were 
adjusted to 7 + 1 sucklings per lactating animal in both groups, 
throughout the experiment. 

The characteristics of the deciduomata resulting in both groups 
from stimulation on the 12th da}' after parturition are tabulated in 
Table VI. 

Table VI 


Group 

■ 

Number of 
animals 
per 
group 

Mean 
number of 
dccid. per 
. right 
horn ±« 

Mean 

diameter of 
right horn 
deciduo- 
mata ±f 
(in 1/04') 

Mean 
weight of 
right horn 
i decid. +e 

I (in mg.) 

Mean 
number of 
decid. per 
left 

horn +t 

Experiment nl 

! ^ 

I 2 .4 ±0 .4 

9±1 

| 339 + 04 

j 2.7 ±0.2 

Cont rol 

7 

| 3+0 

9.4 ±0.5 

| 413+59 


P 


| 0.2 

0.7 

0.5 

| 


The results suggest that there is no significant difference between 
the number, size or mass of deciduomata that were preceded by other 
deciduomata and those that followed a mere laparotomy. 

CONCLUSIONS 

(A) Spayed Mice. It seems justified to conclude that the presence in a 
uterine horn of a deeiduoma or a “metrial gland” at any stage of de- 
velopment does not hinder the development of another deeiduoma in 
the same or the contralateral horn. 

Furthermore, it appears that the deeiduoma response is neither 
increased nor decreased by acute, non-specific damage to the organ- 
ism, possibly because the latter fails to cause the discharge of thresh- 
old quantities of luteoid or folliculoid hormones from the adrenals. 
It is remarkable that even a stress so severe as to kill 75/b of the 
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animals (formalin injections) did not influence the deciduoma re- 
sponse in the survivors. 

Finally, there was a tendency towards a decrease of the mean 
number of responses per horn with increasing length of progesterone 
pretreatment; stimulation after the longest progesterone treatment 
(15 days), whether preceded or not by other deciduomata, resulted in 
responses that were markedly and significantly weaker, than after al- 
most every shorter treatment (cf. Table I). This suggests that long 
lasting progesterone levels diminish the deciduoma response. We seem 
to deal here with another instance of target refractoriness developing 
after protracted action of a steroid hormone. 

(B) Lcictating Rat. We could confirm Peekham and Greene’s conclu- 
sions that there is no inhibition of secondary by primary deciduomata 
in the lactating rat. 

The difference between our own conclusions and those of some 
earlier investigators is probably due to the great individual variation 
of the deciduoma reaction and to the difficulty of its quantitative 
assessment in unequal groups, on the basis of macroscopical counts 
alone, without further criteria or statistical evaluation of data. 

SUMMARY 

The formation of a deciduoma in one uterine horn of a spayed 
mouse is not influenced by the pre-existence in either horn of another 
deciduoma or metrial gland at any stage of development. 

Acute non-specific stress does not affect the deciduoma response 
in the spayed mouse, nor does it cause the secretion of demonstrable 
luteoid or folliculoid hormones from the adrenals. 

Protracted action of progesterone diminishes the deciduoma re- 
sponse in the spayed mouse. 

Peekham and Greene’s observations in the lactating rat are con- 
firmed. 

(This investigation was subsidized by a grant of the National 
Cancer Institute of Canada. Progesterone was generously supplied by 
the Schering Corporation of Bloomfield, N. J. The author wishes to 
thank Dr. H. Selye for his suggestion and encouragement of the pres- 
ent study.) 
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PROGESTERONE AND ESTROGEN IN THE 
EXPERIMENTAL CONTROL OF OVULATION 
TIME AND OTHER FEATURES OF THE 
ESTROUS CYCLE IN THE RAT 

JOHN W. EVERETT 

From (he Department of Anatomy , Duke University School of Medicine 

DURHAM, NORTH CAROLINA 
INTRODUCTION 

Several years ago it was reported that small daily doses of pro- 
gesterone given to persistent-estrous rats serve to interrupt the equi- 
librium between hypophysis and ovaries, inducing sequences of 
vaginal cycles which closely resemble those in normal animals (Ever- 
ett, 1940). In a significantly high proportion of these cycles ovulation 
occurs and new corpora lutea are formed. This finding cannot be ex- 
plained on the assumption which has been generally held for many 
years that the principal effect of progesterone upon the hypophysis 
is suppression of LH secretion. Subsequent studies have made it more 
and more apparent that under certain conditions progesterone facili- 
tates the release of luteinizer. 

In 1943 we reported that if persistent estrus is interrupted experi- 
mentally by a single injection of progesterone, a diestrous interval of 
2 to 3 days usually occurs followed by the typical proestrous smear 
picture and then full cornification which continues if no further treat- 
ment is given. Newly grown follicles persist under these conditions. If, 
however, a second injection of progesterone is given during late 
dicstvus or' early estrus, luteinization is usually induced and the cj'cle 
is completed. Sequences of such cycles can thus be maintained by an 
injection of 0.5 to 1.0 mg. of progesterone during proestrus of each 
cycle, hi ore recently we have extended the investigation to normal 
rats. In a preliminary account (Everett, 1944) it was reported that in 
normal rats which exhibit predictably regular 5-day cycles the injec- 
tion of 1.0 mg. of progesterone about noon on the third day of diestrus 
serves to advance ovulation time approximately 24 hours. Ovulation 
occurs during the night following injection and, of equal significance, 
the vaginal smears are usually cornified the next morning. On the 
other hand, no advance of ovulation time nor hastening of vaginal 
changes is obtained in 4-day cyclic rats injected 24 hours before the 
expected proestrus. This particular observation makes it especially 
evident that other factors intrinsic in the cycle arc of primary impor- 
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tance and that the action of progesterone is secondary to these. In 
this connection it should be recalled that, during diestrous intervals 
experimentally induced in persistent-estrous rats, a single injection of 
progesterone early in diestrus is ineffectual in causing completion of 
the ensuing cycle (Everett, 1943), while it is most effectual if given 
near the onset of heat when estrogen levels are undoubtedly rising or 
already maximal. 

Since the initial experiments of Hohlweg (1934) it has been re- 
peatedly indicated that estrogen itself causes liberation of luteinizing 
hormone 1 from the rat hypophysis (Lane, 1935; Fevold, Hisaw and 
Greep, 1936; Hohlweg and Chamorro, 1937; Westman and Jacob- 
sohn, 1938). It was also recently demonstrated in the pregnant or 
pseudopregnant rat that injection of a few micrograms of estradiol 
benzoate causes ovulation about 36-40 hours afterward (Everett, 
1947). The presence of active corpora lutea thus appears quite com- 
patible with LH liberation under some circumstances. 2 Yet under 
other circumstances progesterone seems to prevent LH release. Selye, 
Browne and Collip (1936) reported that daily injection of 4 mg. of 
progesterone in rats suppresses vaginal cycles.. Phillips (1937) later 
demonstrated that daily injection of as little as 1.5 mg. will postpone 
indefinitely the next expected estrus if the treatment is begun during 
early diestrus. Dempsey (1937) noted in the guinea pig that daily 
injection of progesterone specifically prevents the advanced stages of 
follicle maturation. This was regarded as evidence for suppression of 
LH secretion. Using the augmentation reaction in rats treated daily 
with progesterone, Astwood and Fevold (1939) reached a similar con- 
clusion. Makepeace, Weinstein and Friedman (1937) had found in 
the rabbit, meanwhile, that injection of progesterone for 5 days pre- 
vents ovulation after mating on the sixth day. Subsequently, Fried- 
man (1941) reported that treatment of estrous rabbits for 24 to 72 
hours greatly reduces the number ovulating in response to copper 
acetate injection. 

The experimental results recorded below will, it is hoped, partially 
resolve the apparent disagreement between these results and our evi- 
dence that progesterone facilitates LH release. Preliminary accounts 
of certain of the observations reported here have been presented else- 
where (Everett, 1944, 1946). 

MATERIALS AND METHODS 

In the design of the several experiments described below a high degree of 
predictability was essential, with respect to cj'cle length, ovulation time and 

1 Or total gonadotrophin (FSH-fLH). The expression LII is freely used in this 
paper in the conventional sense (cf. Hisaw, 1947), with full realization that FSIi also 
enters into preovulatory stimulation of follicles. The phenomena with which we are 
dealing here may largely express quantitative rather than qualitative differences in 
gonadotrophin secretion. 

1 A more crucial demonstration of this point appears later in this paper. 
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other chronologic features of the estrous cycle. To this end, lighting is auto- 
matically controlled by a time switch which gives the colony 14 hours of light 
and 10 hours of darkness daily throughout the year. Room temperature is 
not controlled, but it has been our experience that only sudden weather 
changes produce large-scale changes in the cycles. We have been able to 
recognize such general effects in the colony as a whole by virtue of the fact 
that vaginal smears are taken daily in a group of 50 to 75 rats, only a small 
number of which are being treated experimentally at an}' one time. The re- 
mainder thus serve as controls for the experimental group. 

We have consistently worked with inbred strains: the “normal" Vander- 
bilt (Osborne-Mendel) strain, and, for specific purposes, the defective DA 
strain. Long experience with the former has enabled us, after following the 
vaginal smear sequences for 2 to 4 weeks, to predict rath rare failure the 
night during which ovulation will occur in a given animal having a consistent 
history of 4-day or of 5-day cycles. Two substrains of the Vanderbilt stock 
have been developed. In one of these (designated Va) most of the females 
have regular 4-day cycles after attaining full maturity. Frequently the first 
few cycles are 5 days long, but these usually give way eventually to 4-day 
cycles. From our records we have calculated that if a Va animal has experi- 
enced two 4-day cycles in sequence the probability is about 93% that the 
next cycle will also be 4 days in length. In the second Vanderbilt substrain 
(designated Vc) nearly all females have regular 5-day cycles. In this group, 
after two successive 5-day cycles have been observed in a given rat, the 
probability is 90% that the next cycle will also be 5 days long. There is only 
a 4% chance that this next cycle will be spontaneously shortened to 4 days 
and even this small chance may be nearly eliminated by selection of animals 
showing 3 days of clearly diestrous smears in the third cycle. In the defective 
DA strain, young virgin females are usually regularly cyclic during the third 
and fourth months of age, these cycles being mostly of 5 days’ duration. 
Subsequently such animals become persistent-estrous (Everett, 1939, 1942). 
This condition is well established in nearly all cases before the age of 200 
days. In certain instances specified below, first and second generation hy- 
brids between the Vanderbilt and DA strains were employed. These were 
vigorous animals and most of them proved to have cither 4-day or 5-day 
cycles which were highly predictable. 

The vaginal smears are obtained daily at S to 10 A.M. by saline lavage, 
fixed in alcohol after drying and stained with 1% alkaline toluidine blue. 
The typical daily smear sequence thus found in 4-day cyclic Vanderbilt rats 
is as follows: day 1 — (diestrus) heavily leucocytic with occasional remnants 
of clumps of cornified cells; day 2 — (diestrus) moderately leucocytic; day S — 
(early procstrus) absence of leucocytes, numerous small, nucleated epithelial 
cells among thin, non-nucleated squaines (some animals tend to show a few 
leucocytes among the epithelial cells at this time, becoming clearly proestrous 
later in the day) ; day 4 — (estrus) full cornifieation. Ovulation occurs during 
the night preceding day 4. The smear sequences in o-dav cyclic Vanderbilt 
rats are of two general types: In the first type (A) leucocytic smears are 
obtained on 3 successive days. On day 4 (procstrus) the smears are free of 
leucocytes and rich in small nucleated epithelial cells, usually in clumps. On 
day 5 (estrus) they are fully cornified, occasionally with beginning admixture 
of leucocytes and nucleated squamous epithelial cells. In the second type (B) 
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the smear on day 3 is free of leucocytes or nearly so and closely resembles the 
proestrous smear seen on day 3 of the 4-day cycle. On the next morning the 
smear is either of the late proestrous type, containing a mixture of small 
non-nucleated squames and round cells with indistinct nuclei, or slightly 
more advanced, containing a uniform spread of small cornified cells. On day 
5 full cornification is seen as in the first type. Almost needless to say", inter- 
grades between types A and B occur. In either type, ovulation occurs during 
the night preceding day 5. In the DA strain both types of 5-day cycle are 
encountered, but more commonly type A. 

In predicting the night of ovulation we by" no means employ as principal 
criterion the vaginal smear picture on the preceding day. Rather, the full 
sequence of smears over several cycles is considered and the events in the 
current cycle are predicted against this background, using the current 
smears to indicate any" significant irregularities. 

Actual ovulation time has been estimated in 4-day cyclic Vanderbilt rats 
by killing 28 of them between 12:45 and 4:00 A.M. during the night follow- 
ing proestrus. Preovulatory swelling or ruptured follicles were observed in all 
cases. Ovulation in progress was found as early" as 1:10 and as late as 1:55. 
Completed ovulation (8 or more tubal ova) was found as early as 1:45 and 
in every case examined after 2:30. Although no such direct information has 
been obtained in 5-day cyclic rats of either strain, the histological appearance 
of new corpora lutea obtained from them during the late morning or early 
afternoon of day" 5 is similar to that seen at such times on day 4 of the 4-day" 
cycle. 

In our routine procedure, direct visualization of tubal ova is accomplished 
after killing the animals with illuminating gas, by" excising the ampullae and- 
mounting them in physiological saline under a cover slip (Everett, 1947). In 
the rat, as in the mouse (Burdick and Whitney, 1941), the thin walls of the 
dilated ampullae allow ready" identification of granulosa cell masses and ova 
during the first day after ovulation. The excised ovaries are examined in 
saline under dissecting lenses for the tentative identification of newly" rup- 
tured follicles. 

In most instances described here the ovaries were fixed in Zenker’s fluid, 
embedded in paraffin and serially" sectioned at 8 to 10 fi. The routine stain 
was Harris’ hematoxydin followed by" a modification of Mallory’s tri-acid 
stain (Everett, 1943). 

In the experiments 'which follow, progesterone was administered sub- 
cutaneously" in a sesame oil solution containing 5 mg. per ml. Estradiol 
benzoate was also given in sesame oil by subcutaneous injection. This solu- 
tion contained 330 gg. per ml. In certain instances small crystals of estradiol 
weighing approximately" 100 to 200 fig. were introduced subcutaneously" by" 
means of a 16 gauge hypodermic needle and stylus (Everett, 1947). 

RESULTS 

Five-day cycle 

Advancement of ovulation time by progesterone. In a preliminary re- 
port (Everett, 1944) as mentioned above, it was show r n that in the 
5-dav cymlic rat, if progesterone is injected near midday" on the third 
day of diestrus, ovulation time is advanced about 24 hours. This basic 
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experiment will merely be summarized here (fig. 1, B). The reader is 
referred to the article cited for additional information. In choosing 
5-day cyclic animals for this treatment only those showing distinctly 
leucocytic smears, on the day of injection were employed, to insure 
against any spontaneous shift to a 4-day cycle. When given as a 
single injection, timed as indicated above, progesterone causes ovula- 
tion to occur approximately 24 hours earlier than it would have 
occurred without treatment. In ovaries removed about noon on the 
day following injection of the new corpora lutea appear identical 
histologically with those which one would find a day later in the nor- 
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Fig. 1. The 5-day cycle and its experimental modifications. Two units of the ordi- 
nate represent a full cstrous smear. Time in days is indicated on the abscissa, each unit 
representing 24 hours (midnight to midnight). Days of the cycle are numbered pro- 
gressively beginning on the first day of diestrus. Ovulation time is represented by “X”. 

A. The standard 5-day cycle, ovulation occurring shortly after midnight on day 5. 

R. 1.0 to 2.0 mg. of progesterone (p) injected on day 3 accelerates ovulation and 
vaginal cornification atiout 24 hours. 

C. 33 to 100 jig. of estradiol benzoate (c) injected on day 3 does not modify the 
cycle during the next 48 hours. 

D. 50 ng. estradiol benzoate (c) or implantation of small crystals of estradiol on 
the second day of diestrus accelerates ovulation and vaginal changes 24 hours. 

mal 5-day cycle. Dose levels of either 1.0 or 2.0 mg. of progesterone 
appear to be equally effective in Vanderbilt rats and in hybrids, 1 * 3 a 
fact which is especially significant when it is recalled that 1.5 mg. 
daily will suppress ovulation if treatment is begun sufficiently early 
in the cycle (Phillips, 1937). 

The vaginal smear on the morning after induced ovulation is 
characteristically fully eornified, a fact indicated in figure 1, B, by the 
peak in the broken line. Although not of maximal size the cells appear 
in clumps and present a picture quite commonly seen in the 4-dav 
cyclic rat on the morning after spontaneous ovulation. 

1 3 he failures reported with the larger dose in DA rats (Everett, 1914) mav or may 

not be significant. In the absence of further information in that strain, onlv ihe data 

from \ anderbilt rats and hybrids is considered acceptable at present. 
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In addition to cases cited in the preliminary report, 5 more posi- 
tive responses (in Vanderbilt rats) have been obtained. Hence, in 18 
of 19 cases (11 Vanderbilt rats, 8 hybrids), ovulation time was ad- 
vanced about 24 hours and the process of vaginal cornification was 
significantly accelerated in 17 of the 18 rats. Six controls (2 Vander- 
bilt rats, 4 hybrids) receiving 0.4 ml. sesame oil in place of the pro- 
gesterone solution were proestrous on the following day as expected. 

Advancement of ovulation by estrogen. There is general agreement 
that in the rat the full vaginal response to injected estrogen is delayed, 
so that in primed castrates cornification is not obtained until about 36 
to 48 hours after injection (cf. Gustavson, 1939; Jones and Astwood, 
1942). With respect to induction of ovulation by estrogen in rats, 
most information pertains only to immature females where the re- 
sponse is delayed about 4 or 5 days (Hohlweg, 1934; Westman and 
Jacobsohn, 1938). In the adult female, however, administration of 
estrogen during early pregnancy is regularly followed by ovulation 
and new corpus luteum formation within 36-40 hours (Everett, 1947). 
It is now reported that when estrogen is administered on the second 
day of diestrus in 5-day cyclic rats, ovulation occurs approximately 
24 hours earlier than if no treatment were given (fig. 1, D), again at 
an interval of approximately 40 hours after injection. 

As a preliminary to this particular phase of the study, 4 Vander- 
bilt rats were injected with estradiol benzoate (33 jug., 3 cases; 100 jug., 

1 case) at about noon on the third day of diestrus (fig. 1, C). Dur- 
ing the following two days no modification of the normal vaginal 
smear sequences was found. Tubal ova were observed at autopsy 
about 48 hours after injection and the newly forming corpora lutea , 
were exactly comparable histologically with those normally found at 
that stage of the 5-day cycle. Thus no interference with the ovarian 
cycle was apparent within that time interval and such doses of estro- 
gen appear entirely compatible with the processes involved in follicle 
maturation and ovulation. 

Subsequently, seven 5-day cyclic V anderbilt rats were given estro- 
gen during the second day of diestrus (fig. 1, D), between 11:00 A.M. 
and 3:00 P.M. Five of these received 50 jug. of estradiol benzoate in 
0.15 ml. of oil. In the other two cases small crystals of estradiol were 
introduced subcutaneously. On the. following morning the vaginal 
smears were still somewhat leucocytic except for one case in which an 
early proestrous smear was obtained. On the second morning all 
smears were cornified. At autopsy later that day, about 48 hours after 
estrogen treatment, full sets of tubal ova were found in all cases and 
the ovaries contained full sets of very new corpora lutea which in 
histological section appeared closely similar to those found a day later 
in the normal 5-day cycle. Thus, this treatment accelerated vaginal 
cornification and advanced ovulation about 24 hours. 
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Four-day cycle 

Non-effect of 'progesterone injected hours before proeslrus. Six 
4-day cyclic females (hybrids) were injected with progesterone be- 
tween 10 :30 A.M. and 2:00 P.M. on the second day of diestrus, about 
one day before proestrus w r as expected (fig. 2, B). Four of them re- 



Fig. 2. The 4-day cycle and its experimental modifications. Units on the ordinate 
and abscissa have ttic same meaning as in figure 1. 

A. The standard 4-day cycle, ovulation occurring 1 :00 to 2:30. A.M. early in day 4. 

B. Progesterone (p) injected on the second day does not accelerate ovulation and 
vaginal changes (cf. fig. 1, B). 

C. 1.5 mg. of progesterone (p) on days 1 and 2 of diestrus retards the cycle 2 days. 

D. 1.5 mg. of progesterone (p) on day 1 of diestrus retards ovulation and vaginal 
cstrus about 24 hours. This is an “artificial” 5-day cycle, now indicated by the num- 
bering below the abscissa. 

E. In such an artificial 5-dav cycle, additional progesterone on day 3 of diestrus 
advances ovulation time and vaginal cornification about 24 hours (cf. fig. 1, B and 
contrast with fig. 2, C). 

F. In the artificial 5-day cycle estrogen (e} on the second day of diestrus advances 
ovulation time 24 hrs. (cf. fig. i, D). 

ccived 2.0 mg. each and two received 1.0 mg. each. On the following 
morning (he smears were of early proes(rous type, no evident modifi- 
cation having been produced by the treatment. At autopsy, about 24 
hours after injection, the ovaries presented the typical appearance of 
proestrus, containing sets of large, clear follicles. Histologically the}* 
were identical with those in untreated control rats at the same stage 
of the cycle. The uteri, however, were slender, in contrast with the dis- 
tended condition normally seen at this time. 

Retardation of the cycle by progesterone injected early in diestrus. 
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When daily injections of over 1.0 mg. of progesterone are instituted 
during early diestrus, the diestrus is maintained throughout the period 
of injection and for 2 days afterward (Phillips, 1937). Then the animal 
returns to heat. We have repeated this experiment on numerous oc- 
casions with the same' result. For example, in the particular modifica- 
tion illustrated in figure 2, C, it is seen that, by treating 4-day cyclic 
females with a limited series of 2 daily injections of progesterone (1.5 
mg.) both the onset of vaginal estrous stages and the time of ovulation 
are retarded about 2 days. 

When only one injection of progesterone is given to a 4-day cyclic 
rat on the first day of diestrus the result is illustrated in figure 2, D : 
the 4-day cycle is transformed to a 5-day cycle by retarding both the 
onset of vaginal estrus and ovulation time by about one day. Twenty- 
nine rats Avere so treated during a total of 43 cycles. Taa 7 o different 
dose-levels AA 7 ere employed. In 23 cycles the amount injected AA 7 as 1.0 
mg. Among 8 such cases in hybrid rats 6 C 3 7 cles were prolonged one 
day and 2 Avere not. In Vanderbilt rats 12 of 15 cycles Avere prolonged 
one day. Because of these occasional failures the dose Avas then in- 
creased to 1.5 mg. No failures were encountered among 20 cycles in 18 
Vanderbilt rats given this amount. These animals exhibited proestrous 
smears on the third morning after injection in all cases. Eleven rats 
were then autopsied without allowing the cycles to continue longer. 
Their uteri Avere hyperemic and distended. Their oA^aries contained 
sets of large, clear follicles AA 7 hich AA 7 ere histologically identical Avith 
those found during early proestrus in the normal 5-day cycle (fig. 5). ’ 
They AA 7 ere larger than during proestrus in the 4-day cycle, but gave no 
eAudence of prepvulatory swelling. In 10 cases the cycles were con- 
tinued for at least another day, full cornification appearing at that 
time. Four Avere autopsied on that day, on the fourth day post-injec- 
tion. The reproductWe tracts AA 7 ere typical of late estrus. The ampullae 
of the o Adducts A\ 7 ere dilated and full sets of tubal ova Avere demon- 
strated. New corpora lutea Avere found, histologically identical Avith 
those obtained in normal cycles on the day after ovulation (figs. 3 
and 4). In other instances, in AA 7 hich the animals Avere followed longer, 
diestrous smears Avere found on the following morning. 

Since these artificially retarded cycles in 4-day cyclic rats are ap- 
parently identical AA 7 ith normal 5-day cycles, it appeared desirable to 
test such cases AA 7 ith respect to the sequellae of injection of additional 
progesterone on the third day of diestrus or of estrogen on the second 
day of diestrus. These results are described beloAv. 

Effect of a second injection of progesterone during diestrus day 8 of 
the retarded cycle. Five 4-day cj 7 clie Vanderbilt rats AA 7 ere each given 
1.5 mg. of progesterone on the first day of diestrus. Tavo days later, 
the third day of diestrus in the retarded cycles, each rat received 1.0 
mg. of progesterone betAA’een 12:00 and 1 :00 P.M. (fig. 2, E). On the 
following morning the vaginal smears AA r ere predominantly cornified in 
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4 cases, with slight admixture of small nucleated epithelial cells and' 
a few nucleated squamous cells. One smear was recorded as proestrous. 
The 4 showing cornification were autopsied that morning. Tubal ova 
and new sets of corpora lutea (fig. 6) were demonstrated in all. The 
remaining rat was continued until the following morning. At that 
time the smear had become diestrous and at autopsy the ovaries ap- 
peared to contain a set of unruptured follicles and one element tenta- 
tively diagnosed as a new corpus luteum. Serial sections of that ovary 
disclosed 2 large atretic follicles and a corpus luteum, estimated to be 
about 30 hours old. 

Effect of estrogen injected on diestrus day 2 of the retarded cycle. 
Five 4-day cyclic Vanderbilt rats were injected with 1.5 mg. of proges- 
terone on the first day of diestrus. On the following day (fig. 2, F) 
each rat received an injection of estradiol benzoate: 50 /zg. in 2 cases, 
15 ng. in 3 cases. They were autopsied about 48 hours later. The vag- 
inal smears registered little significant effect of the estrogen on the 
first morning after injection, but were fully cornified on the second 
morning. Examination of the reproductive tracts disclosed hyperemic, 
distended uteri. The ampullae of the oviducts were dilated and tubal 
ova were demonstrated in each case. Newly forming corpora lutea 
were recognized in all 5 pairs of ovaries. 

It is thus apparent that in the artificial 5-day cjade, as in the nat- 
ural 5-day variety, ovulation time can be advanced by either proges- 
terone or estrogen when the injections are suitably timed. 

Attempts to ovidate persistent-estrous rats by estrogen therapy 

N on-effect of estrogen alone. In a variety of experiments with persist- 
ent estrous rats of the DA strain, single injections or multiple daily in- 
jections of estradiol benzoate have consistently failed to induce ovula- 
tion or luteinization. Only the more significant of these experiments 
will be described here. Having failed to produce these effects by estro- 
gen therapy while persistent estrus was in progress and having mean- 
while devised a means of inducing cycles in such animals by proges- 
terone treatment (Everett, 1940, 1943), the next logical step was to 
introduce estrogen during diestrus after one completed “progesterone 
cycle.” For purposes of illustration a sequence of two “progesterone 
cycles” is shown in figure 7, A. Persistent estrus is interrupted by one 
injection of 1.0 mg. of progesterone after which a diestrous interval of 
2 to 3 days usually follows. If, then, a second injection of progesterone 
is given during proestrus the cycle is completed. Subsequent cycles 
are completed if progesterone is given during each proestrus. Ovula- 
tion occurs in about 70% of the cases. 

Twelve persistent-estrous DA rats were each passed through one 
progesterone cycle as shown in figure 7, B. Six of these also received 
1.5 mg. of progesterone (not shown in the figure) on the first day of 
the second diestrous interval to insure its potential duration for 3 
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days. All 12 rats received 50 fig. estradiol benzoate on the second day 
of the second diestrus as illustrated and were autopsied about 4S 
hours later. The vaginal smears became proestrous one day after the 
estrogen treatment and were fully cornified on the second da}'. At 
autopsy the only recent corpora lutea present were those represent- 
ing the progesterone cycle (10 cases). The current sets of follicles gave 
no evidence of luteinization or preovulatory changes. 



Fig. 7. Experiments with persistent-estrous DA rats. Units of the ordinate and 
abscissa have the same meaning as in fig. 1. 

A. Standard procedure for producing “progesterone cycles,” based on data re- 
ported previously (Everett, 1943). Each dose of progesterone (p) is 1.0 mg. New corpora 
lutea induced in about 70% of the cycles. 

15. A "progesterone cycle,” followed by estrogen (c) on the second day of the second 
diestrus. Xo evidence of ovulation 4S hrs. after the estrogen (contrast, with figs. 1, D 
and 2, F). 

C. A “pseudopregnancy” maintained hv daily injection of progesterone (1.5 mg.). 
Estrogen induces ovulation in many such cases (sec text). 


In a correlated experiment, not illustrated, attempts were made to 
accelerate ovulation time in nine 5-day cyclic, young DA females by 
administering estrogen during diestrus. The average age was 112 days 
(range S7 to 147), well before the expected onset of persistent estrus, 
with two exceptions. Seven of the 0 rats received 50 fig. estradiol 
benzoate, 1 received 25 fig. and 1 received an estradiol crystal im- 
planted subcutaneously. In every instance the estrogen was adminis- 
tered on the second day of diestrus and autopsy was performed 2 days 
later. In only 2 cases out of the 9 were tubal ova demonstrated and 
new corpora lutea found. The others had not ovulated and their ova- 
ries contained sets of large follicles. This low score is highly significant 
when compared with the uniformly positive response obtained in the 
5-dav cyclic Vanderbilt rat. 
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Induction of ovulation by estrogen during progesterone-induced 
pseudopregnancy. From the several studies mentioned above and from 
our earlier work, it was apparent that progesterone per se is not in- 
compatible with ovulation. When a rat receives 1.5 mg. of progesterone 
or more daily, beginning in early diestrus, a possible reason that ovula- 
tion is suppressed is that gonadotrophin (LH?) secretion is dimin- 
ished to the point where little estrogen is produced or at least’no sharp 
increments of estrogen occur. During pregnancy or pseudopregnancy 
induced in rats by sterile mating, it is known (Everett,' 1947) that 
administration of estrogen causes ovulation and new corpus luteum 
formation within 48 hours. Although in DA rats the LH-release 
mechanism is so apparently refractory to estrogen, especially after 
reaching the state of persistent estrus, the majority of them respond, 
nevertheless, by forming new corpora lutea if progesterone is given 
when estrogen levels are rising (fig. 7, A). It seemed probable that if 
pseudopregnancies were established in persistent-estrous DA rats by 
daily injection of progesterone, ovulation and luteinization could then 
be induced by injection of estrogen. This experiment was performed 
on 10 rats, as illustrated in figure 7, C. Each animal received 1.5 mg. 
of progesterone daily for 6 days. On the fifth day each rat also received 
50 y g. of estradiol benzoate. Autopsy was performed on the second 
day after the estrogen therapy. Ovulation had occurred in 4 of the 
rats, tubal ova and new corpora lutea being demonstrated. The ovaries 
of 3 others contained numerous luteinizing follicles which had failed 
to rupture. The remaining 3 rats had not ovulated, their ovaries con- 
taining sets of follicles which were not hyperemic. Histologically, 
these latter follicles gave no evidence of preovulatory swelling. Thus, 
positive responses may be claimed for 7 of the 10 rats and even the 
4 cases of proven ovulation are highly significant in view of the ex- 
treme refractoriness of such rats to estrogen under other circum- 
stances. 

DISCUSSION 

In light of the above evidence the theory that progesterone action 
on the hypophysis is merely to suppress LII secretion (and hence to 
suppress ovulation) appears no longer tenable. Under certain condi- 
tions progesterone clearly facilitates the release of luteinizing hor- 
mone. Examination of the conditions under which the respective ac- 
tions occur may assist in resolving the seeming paradox. 

Suppression of estrous changes, with postponement of ovulation, 
occurs when progesterone acts early in the cj^cle, beginning no later 
than 2 days before the next expected proestrus (Phillips, 1937; and 
the above data). At such times estrogen secretion is probably slight. 
Furthermore, the hypophysis has recently lost much of its LII. There 
is at present no clear evidence to show whether the LH content re- 
mains low during continued action of progesterone. Evans and Simp- 



401 


December, 1048 CONTROL OF THE ESTROUS CYCLE 

son (1929) found a slight increase of gonadotrophic potency in hy- 
pophyses of pregnant rats when compared with glands from the non- 
pregnant females. Siegert (1933), however, reported a lower potency 
during pregnancy thfTn during diestrus. The fact that after a regime 
of progesterone injections (as in fig. 2, C) a measured interval of about 
3 days is required for the spontaneous reappearance of proestrous 
changes, suggests that during the period of action of progesterone the 
actual LH content of the gland continues at low level. This does not 
deny continued synthesis of LH. Perhaps under these circumstances 
it is released as rapidly as it forms and thus never accumulates in 
quantity sufficient to precipitate ovulation. 

■ A close study of the experiments represented in figures 2, C, and 
2, E, will make evident the wide difference of response which results 
from a relatively small difference in timing of the second injectio of 
progesterone. If after the first injection the second one follows in about 
24 hours, the impending estrus and ovulation are retarded an addi- 
tional 24 hours. If, however, after the first injection one . waits 4S 
hours to give the second one, the impending estrus and ovulation are 
accelerated. In the former instance the conditions are those discussed 
in the preceding paragraph. In the latter, by allowing the extra da}' 
to intervene, these conditions have changed. We may legitimately 
believe that on t he third day of diestrus estrogen secretion is now con- 
siderably elevated and an increased store of LH appears likely. Under 
such circumstances, either in the retarded 4-day cycle (fig. 2, E) or in 
the natural 5-day cj'clo, progesterone facilitates ovulation. In the 
normal 4-day cycle, however, when progesterone is given 1 day before 
expected procstrus, no facilitation is obtained (fig. 2, B). In some 
manner this failure is a function of the shorter interval after the last 
estrus and the last ovulation. It is reasonable to think that here 
estrogen secretion is still rather slight (at the time of progesterone in- 
jection) and also that elaboration of a store of hypoph}-seal LII has 
not yet progressed in adequate degree. 

One may suggest that in the phenomena in which progesterone 
facilitates ovulation estrogen is the primary underlying factor, proges- 
terone acting as a modifier. Ilohlweg and Dohrn (1931) reported that 
while a certain minute quantity of estrogen (1 B.U. of Progynon ) is 
inadequate by itself for prevention of castration-cell formation in the 
rat hypophysis, the same amount combined with 1 EBT. U. of proges- 
tin is entirely sufficient. It is also known that progesterone exerts a 
“sparing action” upon estrogen (Smith and Smith, 194G), preventing 
destruction of estrone by the liver. Such action may explain the Hohl- 
weg and Dohrn observation. It may also account for the facilitation 
of ovulation and acceleration of vaginal cornification by progesterone. 
There are certain considerations, however, which make it difficult to 
accept such an explanation outright . 

In the first place, it is not yet certain whether estrogens themselves 
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are responsible for the various .actions upon the hypophysis such as 
LH release, or whether break-down products, such as the lactone sug- 
gested by the Smiths, are truly the active agents. If it is such "inac- 
tivation” products which are effective, then by preventing inactiva- 
tion progesterone ought to prevent rather than foster stimulation of 
the hypophysis. It should be noted that Bradbury (1947) reports 
failure of two samples of Westerfeld’s lactone to produce effects upon 
the immature rat hypophysis like those induced by active estrogens. 

In the second place, it is probable that the stimulus to release of 
the ovulatory surge of LH occurs within a very few hours after injec- 
tion of progesterone. Ovulation time is estimated as roughly 15 hours 
after injection. Judging from data on the rabbit (Fee and Parkes, 
1928; Waterman, 1943, and refs, cited there) luteinizing hormone 
must usually be released in that species 9 to 10 hours before ovulation 
occurs. In the cyclic rat; it appears that neurohumoral stimulation 
essential for LH release passes to the hypophysis between 9 and 11 
hours before ovulation time (Everett, Sawyer and Markee, 1948). If 
a similar interval between LH release and ovulation time occurs in 
the rat after progesterone injection, then the stimulation of the hypoph- 
ysis must be accomplished within some 5 or 6 hours after adminis- 
tration of the hormone\Thus, if progesterone acts here by preventing 
estrogen inactivation by the liver, we must imagine the latter ster- 
oid (s) to be accumulating at very rapid rate, until a sufficiently high 
blood estrogen level is attained to stimulate the LH-release mecha- 
nism. This or an analogous indirect process may actually occur, but 
it seems equally plausible that progesterone modifies estrogenic stim- 
ulationof the hypophysis more directly, perhaps bylowering the thresh- 
old of the LH-release mechanism to estrogen. The experiment with 
persistent-estrous rats cited above (fig. 7, C) should be recalled, in 
which it was shown that progesterone therapy for several days ren- 
ders many of these animals no longer refractory to estrogen. 

The assumption in the above paragraphs that progesterone acts 
through the hypophysis, rather than upon the ovary, is well founded. 
The evidence in brief is as follows: (1) Induction of ovulation by pro- 
gesterone in persistent-estrous rats is asccompanied by "repair” of the 
interstitial tissue (Everett, 1940, 1941, 1943). (2) Although not cited 
in the present report, induction of ‘premature’ ovulation in 5-day 
cyclic rats is accompanied by depletion of cholesterol in the interstitial 
tissue, an indication of LH action (cf. Claesson and Hillarp,1947), 
and by increased cholesterol storage in the corpora lutea of the pre- 
ceding set, a further function of increased LH secretion (Everett, 
1947). (3) Induction of ‘premature’ ovulation in the 5-day cy r clic 
rat by progesterone may be blocked by administration of either 
dibenamine or atropine in large doses (Everett and Sawyer, unpub- 
lished; cf. Sawyer, Everett and Markee, 1948; Everett, Sawyer and 
Markee, 1948). Since the studies with these drugs in the rabbit 
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(Sawyer, Markee and Hollinshead, 1947 ; Sawyer, Markee and Town- 
send, 1948) clearly imply that they prevent ovulation by blocking 
neurohumoral stimulation of the anterior lobe (Markee, Sawyer and 
Hollinshead, 1948), it is most logical to conclude that in the rat 
progesterone under proper conditions somehow enhances such stim- 
ulation. 

The acceleration of vaginal cornification by progesterone is a puz- 
zling question. Jones and Astwood (1942), in a detailed study of the re- 
sponses of primed castrate rats to estrogen and to various combina- 
tions of estrogen and progesterone, reported that progesterone causes 
neither acceleration nor retardation of the vaginal estrous changes 
during the first 3 to 4 days of treatment. Furthermore, they reported 
and it is generally recognized (cf. Gustavson, 1939), that a dela 3 r of 
3G-4S hours occurs between administration of estrogen and the onset 
of distinct vaginal estrous changes. The observed response to proges- 
terone in the 5-day cyclic rat is a far more rapid phenomenon. Further- 
more, it is prevented by Dibenamine or atropine treatment (Everett 
and Sawyer, unpublished) and, hence, is probably caused indirectly 
by an hypophyseal secretion (LH?). We must, then, conceive of a 
substance which is secreted by the ovaries(?) some hours after 
progesterone injection and which acts on the vagina much more rapidly 
than the estrogens with which we are familiar. 

The ability of progesterone to foster ovulation appears at the pres- 
ent writing to result from an enhancement of the action of estrogen. 
Bradbury’s (1947) observation, that in immature rats treated with 
estrogen the concomitant action of progesterone prevents discharge 
of gonadotrophin, may appear to controvert such an argument. The 
conditions in his experiments were, however, distinctly different than 
those reported herewith. His conclusions cannot legitimately be con- 
strued to mean that progesterone always prevents release of gonado- 
trophin. Neither can the evidence obtained in the rabbit be so con- 
strued, for in those instances progesterone was administered for sev- 
eral days preceding copulation (Makepeace, Weinstein and Friedman, 
1937) and 24 to 72 hours before administration of copper acetate 
(Friedman, 1941). Against this evidence should be considered more 
recent information reported by Klein and Mayer (194G: Klein, 1947). 
It is known that rabbits will copulate while pregnant, but that ovula- 
tion does not then occur (Hammond and Marshall, 1925). However, 
Klein and Mayor found that when pseudopregnant or pregnant, rab- 
bits were treated with estrogen and then mated, new ovulation 
occurred and a second set of corpora lutca was formed. This is a very 
significant observation if it can be confirmed — for two reasons. It indi- 
cates that estrogen favorably affects release of LH in a species in 
which such effects have been repeatedly denied. Of more importance 
for our present argument, it suggests that progesterone suppresses 
ovulation in the rabbit not directly, but by indirectly lowering 



404 


EVERETT 


Volume 43 


estrogen secretion. When extrinsic estrogen is supplied, progesterone 
is compatible with release of the luteinizing hormone. 

The ideas expressed in this discussion require most cautious evalu- 
ation before final conclusions are reached. There can, however, be no 
doubt that progesterone acts upon the hypophysis in two seemingly 
different ways depending on other conditions. Whether, in species 
other than the rat, progesterone actually facilitates release of LH 
remains an open question. 

. SUMMARY 

In normal rats with predictably regular 4-day and 5-day cycles, 
respectively, a series of experiments is described, whereby ovulation 
time and other features of the estrous cycle may be either accelerated 
or retarded. In the normal 5-day cycle, injection of 1 to 2 mg. of 
progesterone on the third day of diestrus accelerates ovulation and 
vaginal cornification about 24 hours. Equivalent results follow ad- 
ministration of certain estrogens on the second day of diestrus. Proges- 
terone does not accelerate the 4-day cycle when injected on the final 
(second) day of diestrus. 

The 4-day cycle is retarded 1 day by injection of 1.5 mg. of proges- 
terone on the first day of diestrus, becoming thus a 5-day cycle. (Con- 
tinued daily injection of this dose for n days retards ovulation n days.) 
In such an artificial 5-day cycle, injection of progesterone on the 
third day of diestrus, omitting treatment on the second day, acceler- 
ates the expected ovulation and vaginal changes about 24 hours, just 
as it does in the normal 5-day cycle. Similarly, in the artificial 5-day 
cycle, treatment with estrogen on the second day of diestrus acceler- 
ates ovulation. 

Persistent-estrous rats of the defective DA strain are refrac- 
tory to estrogen in the respect that ovulation and luteinization cannot 
be induced in them by estrogen, even when treated during the dies- 
trous intervals resulting from earlier progesterone treatment. How- 
ever, during pseudopregnancies induced in such animals by daily in- 
jection of progesterone (1.5 mg.), injection of estrogen has produced 
ovulation in a significant number of cases. 

Thus progesterone “suppresses” ovulation and other features of 
estrus only under certain conditions. When estrogen levels are ele- 
vated progesterone facilitates ovulation, at least in the rat. This it 
may accomplish by modification of the threshold of the LH-release 
mechanism to estrogen or perhaps by modification of estrogen metab- 
olism. 
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BIO-ASSAY OF CALORIGEN1C SUBSTANCES 
USING TADPOLES OF XENOPUS LAEYIS 1 

C. F. HAMILTON, A. ALBERT and MARSCHELLE H. POWER 
Mayo Foundation and Mayo Clinic 

ROCHESTER, MINNESOTA ■ • 

The assay of thyroidal and other calorigenic preparations in am- 
phibia has not been completely satisfactory. Recently Deanesly and 
Parkes (1945 a, b) have devised a new method for thyroidal assay 
utilizing the eruption of the fore limbs in tadpoles of Xenopus laevis. 
The many obvious advantages of their method may establish it as 
the most useful procedure for work in this field. However, the time 
required for the assay (seven days) and the relative insensitivity of 
the test are disadvantages for certain special problems involving the 
thyroid. By using the appearance of the fore limb buds as an end- 
point we have been able to modify the procedure so that the time re- 
quired has been shortened from seven to three days and the sensitivitj' 
has been increased about twentyfold. 

MATERIALS AND METHODS 

The details of the care, handling and feeding of the adult toads were es- 
sentially those described by Deane si}’ and Parkes. Mating of the adults was 
secured by injecting 250 and 500 I. U. of chorionic gonadotrophin into the 
male and female Xenopus respectively. A number of commercial prepara- 
tions, such as korotrin (Winthrop Chemical Co., Inc.) and antuitrin S (Parke, 
Davis & Company), were used with equal satisfaction. Five batches of tad- 
poles, varying in number from several hundred to several thousand per 
batch, were obtained. A week after hatching, the tadpoles were fed liver 
powder (Armour Laboratories) at a dose of 1 mg. per tadpole per day. The 
tadpoles were maintained at room temperature (there being no facilities to 
maintain constant temperature during growth). Within fourteen to twenty- 
one days they had grown to an optimal size (16 to 24 mm. length) for use. 
The animals selected for this length were then distributed among 250 cc. 
beakers, each containing 5 tadpoles in 200 cc. of tap water. 

A variety of calorigenic and noncalorigenic substances were tested (table 
1). Insoluble substances were passed through a 100 mesh screen and added 
to the water as a fine suspension. Those compounds readily soluble in water 
were added in solution. The beakers were then placed in the incubator at 
25° + 1° C. A range of five or six dosage levels separated at log dose intervals 


Received for publication. August 17, 1948. 

1 Abridgment of part of a thesis submitted by Dr. Hamilton (Fellow in Medicine, 
Mayo Foundation) to the Faculty of the Graduate School of the University of Minne- 
sota in partial fulfillment of the requirements for the degree of Master of Science in 
Medicine. 
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Table 1. Substances assayed fob metamorpiuc activity 


Materials 

Kange of dosage, 
micrograms 

Iodine,* 
per cent 

Thyroxine,* 
per cent 

dl-Thyroxinc 

0. 1-3.0 

65.4 

1 100 

Desiccated thyroid t 

10-1,000 1 

1.0 

| 0.4 

Protamonef 

10-1 ,000 

6.4 

3.3 

Iodocasein§ 

10-1,000 

6.2 

2.6 

Radioactive iodocascin§ 

10-1,000 

5.3 

2.0 

Iodine I 

1,000-100,000 

100 

0 

Potassium iodide 

1,000-100,000 

75.9 

0 

1-Tyrosine 

100-100,000 

0 

0 

Casein 

100-100,000 

0 

0 

3-5 1-Diiodotvrosine 

1,000-100,000 

5S.6 

I 0 


* Annlylic methods to be described elsewhere. 

t Strong (Parke, Davis & Company, Detroit, Michigan). 

t Cerophvll Laboratories, Kansas City, Missouri. Protamonc is a commercial iodo- 
casein preparation. The trade name is purposely used to distinguish it from our own 
preparations of iodocascin. 

§ Our own preparations, to be described elsewhere. 

of about 0.5, plus a set of 20 animals as controls, was usually employed for 
each assay. Since 10 to 20 animals were tested at each dosage of any material 
the final assay represented a determination based on from 50 to 120 tadpoles. 
Some twenty-two assays on a little more than 2,000 animals were carried 
out. 

After three days, the animals were examined under a hand lens and the 
percentage of animals showing development of the fore limb buds was de- 
termined. The fore limb buds did not appear naturally in normal develop- 
ment until after the first month under the conditions described. Active 
thyroidal preparations induced a rapid development of the limb buds which 
could be seen quite easily as grayish white bars extending laterally. After the 
thild day the procedure outlined by Deanesly and Parkes was followed in 
exact detail in order to compare our modification with the original method, 
since the latter method at this point consists only in changing the water at 
the third day and determining the number of animals showing eruption of the 
fore limb buds at the end of seven days. 

lor analysis of the dose response relation, the percentages of animals 
showing a positive response were converted into empirical probits and 
plotted against the logarithm of the dose. The intercept of the line corre- 
sponding to a probit of o was designated as the median effective dose 
(M.K.1).). Although this method of calculation is not necessarily a complete 
method or the most appropriate method of dose response analysis, it has 
been utilized so that our results could be directly compared with tho-c of 
1 eanesh and Parkes. ihe M.h.D.’s, thus obtained, represent the dose of 
substance per 200 ce. of water containing 5 tadpoles and is not to be con- 
st uted as representing the effective dose per tadpole. 
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. RESULTS 

1. Preliminary Experiments'. — Several sighting tests were per- 
formed with iodocasein according to the method of Deanesly and 
Parkes. The M.E.D/s obtained fell between 450 and 550 micro- 
grams, close to the average range of 460 to 66O7 found by the foregoing 
authors. It was noted however, that manjr animals on lower dosages 
did not erupt their fore legs but showed accelerated fore limb develop- 
ment which stopped short of eruption. Moreover, the accelerated 
fore limb development could be seen as early as one or two daj r s after 


Table 2. The course op the formation and eruption of the fore limbs at 
VARIOUS DOSAGES OF CALORIGENIC SUBSTANCES 


Materials 

tested 

Dosage, 

'mi crogra ms 

Percentage of animals showing 
"bars" at daily intervals 

Percentage of animals 
showing eruption at 
daily intervals 

n 

m 

m 

4 

5 

° 

7 

ESI 

m 

6 

7 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


10 

0 

0 

5 

5 

5 

30 

30 

0 

0 

0 

0 


25 

0 

20 

25 

50 

60 


90 

0 

0 

0 

0 

Protamone 

50 

20 

50 

85 

00 

100 


100 

0 

0 

0 

0 


100 

20 

60 

100 

100 



100 

0 

0 

10 

10 


250 

20 

75 

100 

100 



100 

0 

0 

10 

25 


500 

30 

80 

100 

s 



100 

0 

20 

40 

55 


0 

■s 

0 

0 

Es 


0 

0 

0 

0 

0 

0 


10 

0 

0 

0 

0 

0 

10 

20 

0 

0 

0 

0 


25 

0 

0 

10 

10 

10 

15 

25 

0 

0 

0 

0 

Iodocasein 

50 

0 

15 

15 

15 

40 

40 

40 

0 

0 

0 

0 


100 

10 

26 

52 

52 

60 

60 

70 

0 

0 

0 

0 


250 

10 

35 

80 

94 

100 

100 

100 

0 

0 

5 

5 


500 

25 

65 

100 

KQjl 

100 

100 

100 

0 

25 

45 

58 


0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Bfl 

0 

5 

25 

25 

53 

63 

0 

0 

0 

0 



0 

15 

70 

80 

80 

85 

85 

0 

0 

0 

0 

Desiccated thyroid 



33 

25 

74 

85 

■ OOl 

■tffii 

Ijji 

100 

100 

100 

100 

0 

0 

0 

0 

0 

0 

0 

0 


500 


25 

89 

Ida 

1 ijif 


100 

0 

10 

16 

16 


1,000 

K 1 

25 

100 

100 

ft ilia 


100 

0 

10 

25 

25 


5,000 

15 

50 

100 

100 

m 


100 

0 

100 

100 

100 


administration of the dose. These two observations led to the thought 
that accelerated fore limb differentiation could be used as an end- 
point, thus shortening the assay and greatly increasing its sensitivity. 
It became necessary therefore to investigate the temporal sequence of 
the fore limb differentiation, to analyze the dose-response curves and 
to studj' the specificity of the proposed reaction. 

2. The Course of the Formation and Eruption of the Fore Limb Buds. 
— A sample of the results obtained at different dosage levels for iodo- 
proteins at daily intervals after administration is shown in table 2. 
The percentage of animals showing the appearance of the forelimb 
buds (hereafter referred to as “bars”) and the percentage of animals 
showing eruption of the fore limb (“erupters”) were determined. 
When the results shown in table 2 were plotted against time, it was 
more easily seen that the rate of response at all doses for bars was 
most rapid during the first three days. After the third day the rate 
of response declined. In other assays, not detailed here, the propor- 
tion of positive responses increased but slightly after the third day 
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and in some experiments as 3 r mptotic values were reached. In anj* 
case, the third daj r represented the most appropriate time for reading 
the end-point, since at this time there was the greatest spread among 
the effects of various doses and since the rate of response either de- 
clined appreciably or became asymptotic after this time. Eruption of 
the fore limbs did not take place until after the fourth day since they 
were differentiating up to this time. When the number of animals 
showing eruption was plotted, the temporal sequence was found to be 
essential^ that previously described. It was also interesting that the 
time curves of eruption paralleled those observed for bars. Inspection 
of table 2 will indicate the increased sensitivity conferred by using 
bars as end-point. 

8. Quantitative Aspects . — The assaj's obtained are shown in figure 
1, where the percentage of response was transformed into probits 
and plotted versus the logarithm of the dosage. Since each batch of 
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tadpoles may stow different sensitivity, the individual assays are 
distinguishable by batch number as well as by material tested. The 
slopes of the assays using erupters varied from 2.8 to 6.6, a variation 
that was also encountered in the work of Deanesly and Parkes. Using 
bars as end-point, the slopes varied from 1.4 to 3.9, apparently 
somewhat lower values. However, sufficient data are not yet available 
to indicate whether or not the slopes for bars are generally lower and 
hence to signify a somewhat lower precision. More satisfactory slopes 
(that is, greater than 5) presumably can be obtained by further inves- 
tigation of the dose response curves. 

The median effective doses of the various materials are shown in 
table 3. The results (erupters) compare favorably with those reported 
for similar substances by the British workers. The ratios of activity 


Table 3. Median effective doses (micrograms) of 
CALORIGENIC SUBSTANCES 


Tadpole 

batch 

number 

| End-point: Fore limb eruption 1 

j End-point: Appearance of bars 

Prota- 

mone 

Iodo- 

casein 

Thy- 

roid 

Thy- | 
roxine 

Prota- 

mone 

Iodo- 

casein 

Thy- 

roid 

Thy- 

roxine 

i 



900 

16 





2 

270 








3 

400 

480 

1,020 


30 

60 

60 


4 

400 

480 



24 

30 



6 





30 

' 15 

32 | 

i 

Average 

357 

480 

960 j 

16 

1 28 | 

35 

46 j 

i 

Ratio (thyroxine =1) ] 

22 | 

30 

60 | 

1 1 

28 | 

35 

46 | 

i 


for most of the preparations (using thyroxine as 1) were roughly of 
the same order of magnitude when the two end-points were compared. 
It can be seen from table 3 that an over-all average increase of sensi- 
tivity of about twentyfold was achieved. Not shown in table 3 are 
the results for radioactive iodocasein, tested to assure its biologic 
potency for use in investigations on the metabolism of iodocasein in 
human beings. This preparation proved to be one of our best iodo- 
caseins since its M.E.D. was 7y (bar end-point). 

4- Specificity . — It has been held by some that the metamorphic 
changes in amphibia are not specific reactions to thyroidal substances, 
since materials like iodine and diiodotyrosine also induce such changes. 
Reineke and Turner (1942), and Deanesly and Parkes (1945 a, b), 
however, have felt their assays to be highly specific. We are in agree- 
ment with the latter opinion for several reasons, the most pointed of 
which is the available data that miscellaneous substances under the 
conditions of the test have been found to be inert. Seaweed, potassium 
iodide, dichlorotyrosine and dibromotyrosine were found by Deanesly 
and Parkes to be inert at 10 mg. dose levels. Our results show that 
such additional substances as molecular iodine, tyrosine and casein 
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(table 1) were inert at high dosage levels -when tested by both methods 
of assay. It should be pointed out that the dose levels shown in table 
1 represent maximal tolerated amounts, for the next highest dose for 
many of the compounds proved lethal. The only “miscellaneous” 
substance with slight thryoidal activity was diiodotyrosine. However, 
the M.E.D. (bars) of this substance was S.6 mg. or some 6,000 times 
greater than that of thyroxine run simultaneously. On the basis of 
the erupter end-point, it was between 600 and S00 times greater than 
that of thyroxine. Since in routine assay of calorigenic proteins the 
dosage does not usually exceed 1 mg., it would be quite impossible for 
any contaminating diiodot 3 r rosine to interfere with the assay or to 
contribute through its thyroidal action per se to the result to the ex- 
tent of more than a few per cent. In the absence of evidence to the 
contrary, it appears likely that the assay of thyroidal materials in 
amphibia is quite specific under the given conditions of the assa 3 % 

DISCUSSION 

Although the procedure and the results of the modified bio-assay 
merit little further discussion, the general interpretation of bio-assays 
for thyroidal activity using amphibia deserves some comment. Since 
it is not known precisely to what extent such assays can be applied to 
mammalian forms, particularly to human beings, the interpretation 
of results obtained in amphibia may be somewhat hazardous. It is 
probable that the same calorigenic substances can be utilized quite 
differently by different organisms and therefore mutual interconver- 
sion of values would not be possible. The difference in activity of d- 
thyroxine and 1-thyroxine in various organisms is a case in point. 
There is, therefore, need in other classes of vertebrates for bio-assay 
methods similar in convenience and precision to those available for 
amphibia. 

When amphibia alone are used , a number of problems as j'et un- 
solved must be considered. The foremost of these problems is the 
decision as to which of the many active materials is to be used as the 
standard of reference for thyroidal activity. Were the effect of all 
active substances directly proportional to their thyroxine content, a 
standard reference of thyroxine = 1 could always be employed. Our 
results, however, would lead us to conclude that the activity of all 
preparations was not proportional to their thyroxine content. In table 
1 the thyroxine content of the various preparations is given. From 
these data M.E.D. *s (table 3) of the various compounds can be calcu- 
lated in terms of their thyroxine content. Thus the M.E.D., using the 
erupter end-point was 16y for thyroxine, 12y for protamone, 12y for 
iodoeasein and 4y for desiccated thyroid. Using the bars end-point the 
M.E.D. was ly for thyroxine, 0.9y for protamone. 0.0y for iodoeasein 
and O.lSy for desiccated thyroid. While the activity of the two prep- 
arations of iodoeasein would thus appear to be roughly proportional 
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to their thyroxine content, the activity of desiccated thyroid was four 
or more times greater than its thyroxine content would allow. 

Data of similar nature in terms of acid-insoluble iodine of a great 
variety of iodinated proteins (ardein, plasma, casein) prepared by 
Rivers and Randall (1945) have been reported (Deanesly and Parkes, 
1945 b). Whether or not acid-insoluble iodine represents thyroxine io- 
dine is problematical. On the assumption that it does, however, the 
activity of some of the better iodocasein preparations would be only 
twice as much as their thyroxine content would indicate. Desiccated 
thju’oid was estimated to be some ten to twenty times more potent 
than iodocasein, since iodocasein containing 1 to 2 per cent of acid- 
insoluble iodine gave the same physiologic effect as desiccated thy- 
roid containing 0.1 per cent of acid-insoluble iodine. Our results using 
a more direct determination of thyroxine are in fairly good agreement 
with the foregoing. The greater activity of desiccated thyroid over 
artificial iodoproteins in terms of thyroxine or acid-insoluble iodine 
appears to hold true not only for amphibia but also for birds and mam- 
mals. 

A different relationship had been observed previously by Reineke 
and Turner, who found that the activity of iodocasein in Rana tad- 
poles was equal to that of thyroxine in terms of total organic iodine. 
Two objections to the significance of this relationship have been 
raised by Deanesly and Parkes: (1) that thyroxine when combined in 
protein (meaning, presumably, desiccated thyroid) is appreciably 
more effective than the same amount of pure thyroxine; (2) that a sub- 
stantial proportion of organic iodine in iodoproteins is acid-soluble 
iodine, which is largely inert biologically. Calculation of our results 
in terms of organic iodine (the percentages of iodine for organic com- 
pounds in table 1 may be assumed to represent almost wholly organic 
iodine) reveals a good agreement between desiccated thyroid and thy- 
roxine, but iodocasein would be about a third as active as thyroxine. 

Finally, it is of interest to compare the results of the bio-assays 
with respect to total iodine content, since recently several aspects of 
the effects of elementary iodine on processes related to the thyroid 
have received some attention (Albert and co-workers, 1946; Dvoskin, 
1947). Many years ago, Swingle (1919) reported that iodine crystals 
promote metamorphosis in amphibia, and recent work (Dvoskin, 
1947; Nelson and Wheeler, 1948) has proved that elementary iodine 
produces thyroidal effects in mammals. A plausible explanation for 
this effect is that elementary iodine, when placed directly on or in 
tissues, induces a local iodination of tissue proteins, some of which are 
calorigenically active on absorption. Our results (table 1) do not show 
any relation between activhy and total iodine. Furthermore, elemen- 
tary iodine had no effect when administered in the manner prescribed, 
indicating that while iodoproteins may be formed at the surface of the 
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skin of tadpoles, their absorption was nil or negligible to the extent 
that no biologic response was obtained. 

Failure to account for the physiologic activity of various thyroidal 
substances on some common basis poses a perplexing problem. It 
might be held that thyroxine as such is less effectively utilized than 
the same amount of thyroxine in combination with protein. This 
appears to be true for desiccated thyroid but it is not true, at least 
not to the same extent, for artificial iodoproteins. The existence of 
antagonistic substances in artificial iodoproteins which would account 
for their lesser activity or the presence of facilitating substances in 
natural thyroprotein which would account for its greater activity 
when equilibrated with respect of thyroxine content are, possibilities 
that deserve experimental effort. Also, the chemical determination of 
thyroxine in proteins, the suspicion that acid-insoluble iodine may rep- 
resent a great deal more than thyroxine iodine and increased precision 
in bio-assays merit further work. 

In view of the foregoing, the present situation is such that there 
can be no universal standard of reference for activity. Because of 
the exceptional stability of thyroidal preparations, various compounds 
can be employed as standards, depending on the nature of the work 
involved. A reasonable suggestion is that substances having certain 
general features in common with thyroxine, such as chemical or molec- 
ular configuration, size and properties, be referred to thyroxine as 
a standard. Similarly, iodinated proteins can be used as their own 
standard. Thus a preparation of iodocasein could be distributed as 
a standard reference for iodocaseins and the same could be true for 
iodinated plasma or any other iodinated protein. Natural thyropro- 
teins could be handled in the same manner in addition to the require- 
ments already in force as stated in the United States Pharmacopoeia. 

With the availability of convenient and reasonably precise bio- 
assay methods such as those described for Xenopus tadpoles, work of 
both practical and theoretical import should be accelerated. For rou- 
tine assays of known, highly active materials, the method of Deanesly 
and Parkes is very satisfactorjv When it is desired to assay small 
amounts, or especially when only small amounts of active compounds 
may be suspected, the supplementary method described in tiffs paper 
for detection and assay may be used to advantage. 

SUMMARY 

A supplementary method for the bio-assay of thyroidal activity 
using the appearance of the fore limb buds'of tadpoles (Xenopus 
laevis) is described. The significant attributes of tiffs method are its 
speed and its sensitivity; it thus serves as a useful tool for the detec- 
tion and assay of small amounts of calorigenic substances. 

Various calorigenic substances did not show activity proportional 
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to their thyroxine content; natural thyroprotein was much more active 
than its thyroxine content would allow, whereas artificial iodopro- 
teins were roughly proportional to their thyroxine content. Various 
standards of reference of activity were suggested for the assay of dif- 
ferent calorigenic substances. 
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FURTHER STUDIES ON THE PROTECTIVE 
POWER OF ADRENAL EXTRACT AND 
STEROIDS AGAINST TOXIC AGENTS 

LENA A. LEWIS and IRVINE H. PAGE 
From the Research Division of the Cleveland Clinic Foundation 

CLEVELAND, OHIO 

It has been shown that the protective power of adrenal extracts 
and steroids against the action of a toxic agent, typhoid vaccine, in 
adrenalectomized rats, can be accurately measured (Lewis and Page 
1946). -This investigation has now been extended to determine the pro- 
tective power of adrenal hormone against diphtheria, tetanus and 
botulinus toxins. Studies were also made to ascertain whether com- 
pound A acetate (11-dehydrocorticosterone acetate) and desoxycorti- 
costerone acetate acting together gave greater protection against 
typhoid vaccine'tlian either one alone. It also seemed of interest 
to determine the temporal relationship between presence of hormone 
and protective power against typhoid vaccine. 

Because the question must inevitably arise as to whether results 
with vaccines or toxins in adrenalectomized animals are also related 
to active infections in normal animals, a study was undertaken of 
the protective power of adrenal extract in normal mice infected with 
pneumococci type I and type III. 

METHODS 

Male Sprague-Dawley rats were adrenalectomized and maintained on 
0.9 per cent sodium chloride for drinking (Lewis and Page 1940). The mini- 
mal lethal dose (M.L.D.) of botulinus, 1 diphtheria, 5 and crystalline tetanus 
toxin 5 was determined on rats after they had been adrenalectomized for at 
least 5 days. For comparison, the M.L.D. was also determined on normal rats 
of like size and age. It was taken as the smallest amount killing all rats 
within 10 days after subcutaneous injection of botulinus toxin, 90 hours 
after tetanus toxin, and 72 hours after diphtheria toxin. A concentrated 
streptococcal toxin was also tested for ability to kill. 

The protection afforded by different adrenal hormones against these 
toxins was studied by injecting adrenalectomized rats with the test solution 
(if in oil) IS and 24 hours before 1.0 to 1.5 M.L.D. of toxin and daily there- 
after. If the extract was an alcoholic-aqueous solution, injections were made 
twice daily (4S, 40, 24 and 1G hours before the toxic agent and 0, S, 24, 32 

ltcroivod for publication August IP, 10SS. 

1 The botulinus toxin was prepared by Dr. W. A. Starin, Ohio State University . 

5 The concentrated diphtheria toxin and concentrated streptococcal toxin were 
supplied by Dr. H. D. Piernin, Lederle Laboratories, and the crystalline tetanus toxin 
was prepared by Dr. L. Pillemcr, Western Reserve University. 
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. . . hours after). In testing for protective power, the period of observation 
after toxin injection was the same as that used in determining the M.L.D. 

Rats were treated with compound A acetate and desoxycorticosterone 
acetate to determine whether synergism occurred in the protective effect 
against typhoid vaccine. The testing procedure we f ormerly employed (Lewis 
and Page 1946) was used and the amount of hormone in oil given per day 
was: 0.2 mg. compound A acetate, 0.5 mg. desoxycorticosterone acetate, 
0.2 mg. compound A acetate and 0.5 mg. desox 3 '-corticosterone acetate, 0.1 
mg. compound A acetate, 0.1 mg. compound A acetate and 0.5 mg. desox}'-- 
corticosterone acetate. 

The temporal relationship between presence of hormone and protective 
power was studied bj r giving adrenal extract onty at the time of, or after 
injection of 1.33 M.L.D. typhoid vaccine. One or two toxic protection units 
(Lewis and Page, 1946) of adrenal extract (aqueous-alcohol) were injected 0, 
30 or 60 minutes and 8 hours after vaccine. The number of rats surviving 24 
hours after vaccine administration was noted. 

The relative protective power of desoxycorticosterone acetate in oil solu- 
tion given subcutaneously, and in aqueous solution given intravenous^ or 
intraperitonealty, one hour before injection of typhoid vaccine, was de- 
termined. 

Normal mice were treated with adrenal extract and a lethal amount of 
typhoid vaccine given, to ascertain whether protection was secured. It was 
found desirable to give two injections of 1.0 ml. typhoid vaccine 16 hours 
apart to secure uniform lethal effect. Twenty of the mice received one half 
ml. extract at the time of the two vaccine injections and 8 hours after the 
second, and 20 received one half ml. extract 32 and 24 hours before the vac- 
cine injections and at the time of the vaccine. Twenty mice received only 
typhoid vaccine. 

To determine whether adrenal extract afforded protection against pneu- 
mococci type I and type III, 46 normal female mice weighing 20 to 22 grams 
were injected intraperitoneally with type I pneumococci and a similar num- 
ber with type III. An amount was injected which had been found lethal 
within 96 hours to all animals. Twenty-three of each group were injected 
twice daily' with 0.2 ml. adrenal extract and 23 with 0.2 ml. saline. 

RESULTS 

The minimal lethal dose (M.L.D.) of botulinus toxin was 0.2 ml. 
of a 1:100 solution for adrenalectomized and 0.9 ml. for normal rats 
(chart 1). After 2.2 M.L.D. (determined on normal rats) of toxin, 100 
per cent of the animals in both groups died within 24 hours. Such uni- 
formity in speed of lethal action was not observed, however, after 
smaller amounts of toxin. After 1.0 M.L.D. (determined on adrenalec- 
tomized rats) of toxin, the time of death of the adrenalectomized ani- 
mals varied greatly. Twenty-five per cent died between the 48th and 
72nd hour, while a like number succumbed between the 192nd and 
216th hour. After 3.75 M.L.D. (determined on adrenalectomized rats) 
of toxin, such varied death rate was not observed. The dose-response 
curve was similar to that obtained on normal rats after 1.0 M.L.D. 
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(determined on normal rats). One hundred per cent of normal rats 
died between the 24th and 96th hour after 1.0 M.L.D. toxin. 

Both adrenalectomized and normal rats showed a serious reduc- 
tion in food intake and weight loss after injection of toxin. The par- 
tial starvation was probably an important factor in causing death of 
the adrenalectomized animals several days after toxin injection. Nor- 
mal animals could withstand this additional stress. Ten to 12 days 
after receiving toxin, surviving animals resumed normal food con- 
sumption and showed rapid weight gain. 


RELATIVE TOXICITY OF BOTULINUS TOXIN IN NORMAL 
AND IN ADRENALECTOMIZED RATS 



Chart 1 . Relative toxicity of botulinus toxin in normal rats and in adrenalectomized 
rats receiving 0.9 per cent- sodium chloride solution for drinking. 


Ninety percent of adrenalectomized rats receiving 1.5 ml. adrenal 
extract were protected against 1.5 M.L.D. (determined on adrenalec- 
tomized rats) of botulinus toxin, while only 15 per cent receiving 2.0 
mg. desoxycorticostcrone acetate survived. The gluconeogenic action 
of the adrenal extract was probably important in its protective action 
against the toxin. 

As had been found for botulinus toxin, the minimal lethal dose of 
diphtheria toxin was greater for normal than for adrenalectomized 
rats. The M.L.D. for adrenalectomized rats was 0.2 ml., and for nor- 
mal rats 1.0 ml. Adrenal extract (1.5 ml. per day) protected ad renalec- 
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tomized rats against as much as 1.5 M.L.D. diphtheria toxin (M.L.D. 
determined on adrenalectomized rats). Forty per cent of adrenalec- 
tomized animals receiving 0.4 mg. compound A acetate per day were 
protected against 1.5 M.L.D. toxin, while one or two mg. of desoxw- 
corticosterone acetate per day was ineffective. 

In contrast with the differences in toxicity of botulinus and diph- 
theria toxins for normal and adrenalectomized rats, the M.L.D. of 
crystalline tetanus toxin was 60 mouse M.L.D. for both groups. One 
mouse M.L.D. is contained in 0.000013 gamma crystalline tetanus 
toxin nitrogen (Pillemer and Wartman 1947). The speed of action of 
toxin in normal and adrenalectomized groups was the same and varied 


THE RELATIVE TOXICITY. OF. CRYSTALLINE TETANUS 
TOXIN IN NORMAL AND IN ADRENALECTOMIZED RATS 



HOURS AFTER TETANUS TOXIN 

Chart 2. Relative toxicity of crystalline tetanus toxin in normal rats and in adrenal- 
ectomized rats receiving 0.9 per cent sodium chloride solution for drinking. 


directly with the dose (Chart 2) . One and a half ml. of adrenal extract 
(Upjohn) per day or 2 mg. desoxycorticosterone acetate per day had 
no protective effective against its lethal action in adrenalectomized 
rats. 

Injection of as much as 2.5 ml. of concentrated streptococcal 
toxin into adrenalectomized or normal rats produced no evident toxic 
effects. It appears that both normal and adrenalectomized rats have 
great natural resistance to this type of toxin. 

Greater protection of adrenalectomized rats against 1.33 M.L.D. 
typhoid vaccine was secured when small amounts of compound A 
acetate and desoxycorticosterone acetate were given at the same 
time than by either steroid in similar dosage alone. When 0.5 mg. des- 
oxycorticosterone acetate and 0.1 mg. compound A acetate in oil 
were given 48 and 24 hours before and at the time of administration 
of typhoid vaccine, 74 per cent of the rats survived. None of those re- 
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ceiving only 0.1 mg', compound A acetate were alive 24 hours after 
injection of tj'phoid vaccine and only 33 per cert receiving 0.5 mg. 
desoxycortieosterone acetate were protected. All rats receiving 0.2 
mg. compound A acetate and 0.5 mg. desoxycortieosterone acetate 
survived, while GO per cent receiving 0.2 mg. compound a acetate 
alone were protected. 

GRAPH I GRAPH 2 




• Saline treated mice 

Chart 3. The relative toxicity of pneumococci type I (graph 1) and pneumococci 
type III (graph 2) in normal mice receiving injections of 0.2 mi. adrenal extract or 0.2 
ml. 0.9 per cent sodium chloride solution, twice daily. 

Eighty per cent survival occurred in adrenalectomized rats which 
received no priming with hormone before the typhoid vaccine, but 
had received one or two toxic protection units of adrenal extract 
either at the time of its injection or 30 minutes later. Repetition of the 
dose S hours later, as in the standard procedure, was necessary to 
attain this survival rate. No greater protection was secured with two 
toxic protection units per dose than with only one. 

Most adrenalectomized animals after typhoid vaccine died within 
three to four hours. Despite the fact that when hormone is given 30 
minutes after its injection there is a high survival rate, when given 
one hour after, no protection occurs. 

Only 10 per cent of rats were protected when 2.0 mg. desoxycorti- 
costeronc acetate was given subcutaneously in oil solution 1 hour be- 
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fore 1.33 M.L.D. typhoid vaccine, while 33 per cent were protected 
by a similar dose in aqueous solution, given intravenously or intra- 
peritoneally. 

Normal mice require two injections of 1 ml. of typhoid vaccine at 
an interval of 16 hours to kill them. Adrenal extract given at the times 
of its injection afforded no protection or when given 32 and 24 hours 
before and at the times of injection of vaccine. 

Adrenal extract, when given to mice infected with pneumococci 
type I, did not modify the fatal course of the disease (Chart 3, graph 1). 
However, mice infected with pneumococci type III appeared to re- 
ceive minimal protection, i.e., the speed with which the infection 
proved fatal was decreased. Further, three of 22 extract-treated mice 
were alive 120 hours after inoculation, while all non-extract-treated 
animals were dead in 96 hours, and 96 per cent in 72 hours (Chart 3, 
graph 2). ’ 

DISCUSSION 

The protective power of adrenal hormones against the action of 
bacterial toxin, whether endotoxin such as typhoid, or exotoxin as 
botulinus, or a combination as diphtheria toxin, seems to parallel its 
action on carbohydrate rather than electrolyte metabolism. For ex- 
ample, in the protection given adrenaleetomized rats against botulinus 
toxin by adrenal extract, the gluconeogenic action of the hormone 
probably plays an important part. The food consumption of animals 
following botulinus toxin is greatly decreased and such partial starva- 
tion of adrenaleetomized animals results in extreme hypoglycemia. 
Administration of “carbohydrate active” principles of the adrenal, 
however, maintains the blood glucose at normal levels. Whether force 
feeding of adrenaleetomized rats during botulinus intoxication would 
have proved beneficial was not determined. 

The synergistic action of compound A acetate and desoxycorticos- 
terone acetate in protecting adrenaleetomized rats against typhoid 
vaccine is interesting. It indicates the desirability of maintaining both 
electrolyte and carbohydrate metabolism in combatting intoxication. 

Evidence indicates that adrenal extract may exert its protective 
effects rapidly. Death occurred in many rats within 4 hours after ty- 
phoid vaccine injection in the absence of extract. But if extract is 
given as long as 30 minutes after the vaccine, toxic action may be pre- 
vented. 

That normal animals infected with pneumococci type III were 
somewhat protected by adrenal extract, while those infected with type 
I were not, recalls the fact that type III pneumococci are much more 
toxic. It is possible that the adrenal hormone combatted the toxic 
rather than invasive component of the infection. Conceivably, in 
highly toxic infections the use of adrenal extract might be helpful. 

Although increased survival of normal rats treated with large 
doses of adrenal extract subjected to peptone shock has been reported 
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(Ingle, 1944), extract does not protect normal rats against diphtheria 
toxin (Ingle, 1947) nor normal mice against typhoid vaccine. 

The fact that the lethal dose of crystalline tetanus toxin is the 
same for normal and adrenalectomized rats is in agreement with 
earlier observations (Rogoff, 1927) in which less highly purified toxin 
preparations were used. Grollman (1936) has questioned the complete- 
ness of adrenalectomy in the earlier investigations. In the present 
studies, any possibility of remnants of adrenal tissue was ruled out 
by testing all surviving rats after the toxin studies for completeness 
of adrenalectomy and not including results obtained on any animal 
with evidence of adrenal tissue (Lewis and Page, 1946). 

SUMMARY 

The M. L. D. of botulinus toxin was approximately 4.5 times 
greater for normal than adrenalectomized rats. Adrenal extract or 
compound A acetate was effective in protecting adrenalectomized 
rats against botulinus toxin. 

The M.L.D. of diphtheria toxin was approximately 5 times greater 
for normal than adrenalectomized rats. Adrenal extract protected 
adrenalectomized rats, while compound A acetate was only partial^ 
effective. 

The M.L.D. of crystalline tetanus toxin was 60 mouse M.L.D. 
for both normal and adrenalectomized rats. No protection was af- 
forded adrenalectomized rats by adrenal extract or desoxycorticos- 
ierone acetate. 

Adrenal extract (0.5 ml. twice daily) gave no protection to normal 
mice against lethal doses of typhoid vaccine. 

Adrenal extract (0.2 ml. twice daily) gave no protection to normal 
mice infected with type I pneumococci, while a slight beneficial effect 
resulted when given mice infected with type III pneumococci. 
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GROWTH INHIBITION IN BONE AND BONE 
MARROW FOLLOWING TREATMENT WITH 
ADRENOCORTICOTROPIN (ACTH) 

BURTON L. BAKER and DWIGHT J. INGLE 
From the Department of Anatomy , University of Michigan Medical School and 
Research Laboratories, The Upjohn Company 

ANN ARBOR AND KALAMAZOO, MICHIGAN 

The action of ACTH on the tibia of immature rats has been 
studied by Becks, Simpson, Li and Evans (1944) and by Becks, Simp- 
son, Marx, Li and Evans (1944). These workers observed retardation 
of chondrogenesis and osteogenesis to follow treatment of immature 
rats with ACTH. Likewise, ACTH antagonized the action of growth 
hormone when both were injected into hypophysectomized rats. The 
experiments now being reported supplement these observations by 
adding information regarding the action of ACTH on the bones of 
(1) adult rats, (2) under varied dietary conditions controlled by tube 
feeding and (3) at higher dose levels. In addition, the effect of ACTH 
on the bone marrow and vertebrae will be discussed. 

MATERIALS AND METHODS 

The general plan of attack for these experiments has been outlined in de- 
tail elsewhere (Baker, Ingle, Li and Evans, 1948). Adult male rats (Sprague- 
Dawley strain) were force-fed diets high in carbohydrate, fat or protein. 
Information is given in table 1 concerning the doses of ACTH injected, the 
duration of the experiments and the number of animals used. The ACTH 
was prepared bj r the method of Li, Evans and Simpson (1943) and each daily 
dose was divided and given in 8 injections. The controls received 0.9% NaCl. 
At autops} r , the proximal ends of the tibia and 2 to 3 vertebrae were removed 
for studj r , decalcified in 5% trichloracetic acid, sectioned sagitally and 
stained with hematoxylin and eosin and the Masson procedure. The width 
of the epiphyseal cartilage was determined microscopical^ by taking the 
average of three measurements, one from the center of the cartilage and one 
each near the anterior and posterior extremities. 

OBSERVATIONS 

Tibia 

The administration of ACTH to adult male rats caused histologi- 
cal modification of the epiphyseal cartilage, the zone of bone forma- 
tion and of the bone marrow. Since the duration of the experiment 
proved to be an important factor in the induction of these changes, 
the effects of treatment over the longest period of time and at the 
highest dosage (3 mg. per day for 21 days) will be described first. 


Received for publication August 23, 1948. 

422 



December, 1948 ADRENOCORTICOTROPIN AND BONE 423 

Epiphyseal cartilage. As is apparent from table 1, measurement of 
the epiphyseal cartilage showed it to be considerably more marrow 
in the experimental than in the control rats. This reduction in width 
resulted from a number of intrinsic changes. First, inhibition of carti- 
lage cell proliferation was indicated by the significant reduction in 
the number of cartilage cells in the epiphj^seal plates. Additional evi- 
dence of this suppression was furnished by degenerative changes 
which were observed in the cells of the proliferation zone (figs. 1 and 
2). A majority of these cells were atrophic and possessed pycnotic 
nuclei. In addition, the cell columns in some cases were somewhat 
more irregularly arranged. This atrophy of the epiphyseal cartilage 
was reflected also in the zone of cell and lacunar enlargement. Here, 
as compared with the controls, there was definite interference with 
the enlargement of the cells and fewer of them contained intra-cellu- 
lar vacuoles. Also, the lacunae failed to enlarge as extensively as in 
the controls. In the treated rats, the invasion of the enlarged lacunae 
by medullary blood vessels was impaired significantly. 

Second, the epiphyseal cartilage was thinner after treatment with 
AGTH because of reduction in the amount of matrix which it con- 
tained. This change appeared to have resulted from the impaired 
capacity of the atrophic cartilage cells to produce it. In some of the 
treated rats the matrix, except for the lacunar capsules, stained less 
intensely with aniline blue suggesting that the chemical or physical 
character of the matrix had been modified. This was a rather variable 
observation. 

Zone of bone formation. In the control rats, numerous large, active 
osteoblasts were present in the area of bone formation near the epiphy- 
seal cartilage (fig. 1). In contrast, after treatment with ACTH bone 
formation was suppressed as shown by a profound and general atrophy 
of these osteoblasts (fig. 2). It was more difficult to ascertain whether 
or not the osteoclasts were affected also. They were still present after 
treatment with ACTH but in some cases may have been reduced 
slightly in number. They were not affected as noticeably as the osteo- 
blasts. 

The impaired osteogenesis manifested itself in great variation in 
the pattern of the metaphyseal trabeculae. In the controls, most of the 
inter-columnar septa of cartilaginous matrix projected into the 
metaphvsis as calcified spicules. Frequently, they extended for a short 
distance without a covering of newly-formed bone. Treatment with 
ACTH induced variable changes in this ostcogenetic region. In some 
of the rats at the 3 mg. dosage, many of the inter-columnar septa did 
not project as spicules, leaving considerable areas of the ostcogenetic 
zone free of bone trabeculae. This suggested that in these cases resorp- 
tion of the labile metaphyseal trabeculae was proceeding more rapidly 
than their construction. However, in all of the other cases treated at 
this dose level, the bony trabeculae were broader, ‘'gnarled" in ap- 



424 


BAKER AND INGLE . 


Volume 43 


pearance and less regularly arranged- than in the control animals 
(fig. 2). Likewise, osseous tissue tended to cover completely all of the 
cartilaginous spicules even extending up on to the epiphyseal plate 
itself (fig. 2). This was suggestive of the beginning of a “sealing off” 
of the cartilage by bone which has been observed to occur after hy- 
pophysectomy in the rat. The line of junction of the epiphyseal carti- 
lage with the zone of bone formation was quite irregular. This prob- 
ably resulted from a combination of impaired invasion of the carti- 
lage lacunae and retarded osteogenesis. A significant widening of the 
marrow sinusoids was not observed in contrast to observations made 
in immature rat (Becks, Simpson, Li and Evans, 1944). 

Detectable modification of the shaft or bony portion of the epiphy- 
sis did not occur. 

Bone marrow. At the 3 mg. dosage level, ACTH caused a consistent 
atrophy of the bone marrow which was particularly striking in the 
center of the shaft (figs. 3 and 4) where normally the red marrow is 
most dense. This atrophy also involved the marrow of the region of 
bone formation and, usually the epiphysis as well. The character of 
this change resembled somewhat “serous atrophy” which has been 
observed in the bone marrow under various experimental conditions 
such as under-feeding. In the usual histological preparations, it ap- 
peared that fat had increased at the 3 mg. dosage level (3 experimen- 
tal and 3 control rats) and an attempt was made to verify this obser- 
vation by staining frozen sections of the bone marrow for fat. The ob- 
servations made on these preparations of the relative amounts of fat 
in the marrow of the control and experimental rats were inconclusive. 
However, it should be pointed out that we did not take precautions 
to select sections from comparable regions of the bone marrow. These 
preparations for fat did show that the large spaces of figures 3 and 4 
contained fat and, therefore, it seems safe to infer that fat was in- 
creased in the bone marrow of the tibia after injection of ACTH. 
Many megakaryocytes remained in spite of the extensive atrophy of 
the marrow and did not seem to have undergone much of a decline in 
number. 

Insofar as could be ascertained by histological study, modifica- 
tion of the diet did not affect consistently the structural changes which 
followed injections of ACTH. 


Fig. 1. Rat- 901. Control, high carbohydrate diet. Epiphyseal cartilage of tibia. At 
the end of the pointer are several active osteoblasts. Spicules of cartilage, on which bone 
has not yet been laid down, extend into the osteogenetic zone. Masson. Xl 84. 

Fig. 2. Rat 1001. One mg. ACTH daily for 21 days, high carbohydrate diet'. Cartil- 
age is thinner than in figure 1. There are fewer cells in the columns and those of the 
proliferating zone arc atrophic. The cells of the resorption zone are few in number and 
smaller. None of the smaller lacunae are being invaded by capillaries. Osteoblasts are 
atrophic and some bone (arrow) caps the epiphyseal cartilage. Masson. X184. 

Fig. 3. Rat 1S003. Control, medium carbohydrate diet. 

Bone marrow of shaft. Masson. X75. 

Fig. 4. Rat 17003. Three mg. of ACTH daily for 21 days, medium carbohydrate diet. 

The red marrow is atrophic and seems to be replaced by fat. Masson. X75. 


i 
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On the 1 mg. dosage for 21 days the effects on the bones and bone 
marrow were essentially similar to those described for the 3 mg. dos- 
age level. The atrophy of the red marrow and the inhibition of chon- 
drogenesis and osteogenesis were equally as marked at this lower dose. 
Although the one ACTH-treated, protein-fed animal did not exhibit a 
reduction in width of the epiphyseal cartilage, nevertheless, all of the 
other histological changes which have been shown to follow such hor- 
mone treatment were present. 

In general, treatment with 8 mg. of ACTH per day over the shorter 
period of 10 days did not affect the bone as much as did treatment at 


Table 1. Effect of varied doses of ACTH on width of 

THE EPIPHYSEAL CARTILAGE 



1 mg. daily 
for 21 days 

3 mg. daily 
for 21 days 

8 mg. daily 
for 10 days 

Diet 

No. 

Rats 

Mean 
width (V) 

No. 

Rats 

Mean 
width (/j) 

No. 

Rats 

Mean 
widtli (u) 

Carbohydrate 

Experimental 

2 

102 

5> 

118 

4 

129.3 

Control 

2 

218 

4 1 

165 

2 

166 

Fat 

Experimental 

2 

110 

2 

97 

2 

139 

Control 

2 

142 

1 

148 

2 

147 

Protein 

Experimental 

1 

162 

2 

97 

2 

132 

Control 

1 

154 

1 

148 

1 

159 


1 Three experimentals and 3 controls were fed a medium instead of high carbo- 
hydrate diet. 


the lower doses for 21 days. As shown by table 1, it was possible to 
demonstrate a narrowing of the epiphyseal cartilage by direct meas- 
urement. However, significant histological modifications were not 
readily evident upon microscopic examination. Thus, the effect on 
chondrogenesis and cartilage resorption was not very great. Impair- 
ment of osteogenesis had occurred as shown by a definite reduction in 
the number of osteoblasts. Likewise, the “gnarling” and distortion 
of the trabeculae appeared under this dosage, in most cases with 
bone having been deposited on the cartilaginous spicules up to the 
epiphyseal plate itself. Atrophy of the red marrow occurred although 
not as extensively as after the longer period of treatment. 

V ertebra 

The bodies of the vertebrae were studied in the rats treated for 21 
days with a daily dose of 1 or 3 mg. of ACTH. In contrast to the tibia, 
it was far more difficult to detect histological changes. No consistent 
modification was found in the cartilage at the superior and inferior 
ends of the vertebrae, in density of the trabeculae or in thickness of the 
shaft. The bone marrow showed a slight atrophy of the red marrow 
after ACTH with some reduction in the density of the constituent 
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cells usually being evident. However, these effects did not approxi- 
mate in intensity those which occurred in the tibia. 

DISCUSSION 

The retardation of chondrogenesis and osteogenesis assumes its 
greatest significance when viewed in the light of the growth-inhibiting 
potentiality of ACTH. Apparently, these end-effects are elicited 
through the stimulated release by the adrenal cortex of the 11-oxy- 
sleroids. The literature supporting the concept of growth inhibition 
by ACTH and the 11-oxysteroids is considerable and has been re- 
viewed elsewhere (Baker and Whitaker, in press). It has been shown 
that numerous proliferating tissues show evidence of atrophy after 
treatment with ACTH. Among these might be listed the lymphoid 
tissue (Dougherty and White, 1945), epiphyseal cartilage (Becks 
Simpson, Li and Evans, 1944), hair and epidermis (Baker, Ingle, Li 
and Evans, in press). 

A negative nitrogen balance was induced in these rats by ACTH 
(Ingle, Prestrud, Li and Evans, 1947). Presumably, at least part of 
this loss of nitrogen was the end-result of acceleration of the process 
of gluconeogenesis in the liver. To what extent tissues other than the 
fiver contribute to this loss of nitrogen is not known at the present 
time. Also, it is not clear whether this loss of nitrogen is a cause or an 
effect of the growth inhibition induced by ACTH. The local inhibition 
of hair and epidermal growth by one of the 11-oxysteroids (11- 
dehydro 17-hydroxycorticosterone) shows that the liver is not neces- 
sarily a link in the chain of events leading to growth inhibition (Whit- 
aker and Baker, in press). 

The bone marrow changes should be considered from 2 view-points : 
the effect of ACTH on (1) protein metabolism and growth and (2) 
on fat metabolism. It is probable that the atrophy of the red marrow 
fits into the pattern of growth inhibition of proliferating tissues 
brought about by ACTH and, thus, the probable augmentation of fat- 
in the marrow may be secondaiy to the reduction in volume of the 
red marrow. On the other hand, a considerable body of evidence shows 
that the adrenal cortex may be involved more directly in lipid metab- 
olism, especially in its transport (Ingle, 1943). In fact, fatty infiltra- 
tion of the liver of rats treated with ACTH and fed high carbohy- 
drate diets has been demonstrated previously (Baker, Ingle, Li and 
Evans, 194S). 

The marked atrophy of the red marrow of the tibia after treatment 
with ACTH suggests the possibility that either an anemia or a granu- 
locytopenia might exist in these animals. Such blood studies have not 
been reported in the rat but in the mouse White and Dougherty 
(1945) found ACTH to elicit an increase in the. number of red cells and 
polymorphonuclear leucocytes. These seemingly contradictory find- 
ings are difficult to evaluate at this time. It is to be noted that all 
bone marrow may not share in the atrophy which occurs in the tibia. 
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At least, the marrow of the vertebrae showed little change. 

To a variable degree the changes which we have found to be elicited 
by treatment of rats with ACTH resemble those which follow under- 
feeding of rats (Saxton and Silberberg, 1947) and the feeding of diets 
deficient in various factors of the vitamin B complex to mice (Levy 
and M. Silberberg, 1946; Levy and R. Silberberg, 1946; Nelson, Sulon, 
Becks and Evans, 1947; Silberberg and Levy, .1948; Silberberg, Levy 
and Younger, 1948). This similarity raises the question of the nu- 
tritional condition of our animals. Food intake was controlled by 
tube-feeding. The possibility that ACTH may impair absorption 
through the intestinal wall has not been examined. Likewise, such 
similarities of response under these varied experimental conditions 
suggest an inter-relation between the action of vitamins and ACTH 
on the peripheral tissues. 

The findings in this study are of interest in relationship to the 
experimental reproduction of the symptoms of Cushing’s disease. Es- 
pecially is this true in view of the position of Albright (1947, p. 329) : 
"... I think it is safe to conclude that whatever bone changes are 
found in Cushing’s Syndrome are the result of an excess production 
of 'S’ hormone.” By "S” hormone Albright refers to at least some of 
the adrenal cortical steroids which we have designated as the 11-oxy- 
steroids (gluconeogenic) and which, on the basis of physiological 
grounds (Ingle, Prestrud, Li and Evans, 1947) and the similarity of 
the effects of ACTH (Baker, Ingle, Li and Evans, submitted for publi- 
cation) and 11-oxysteroids (Baker and Whitaker, in press) on the 
skin, appear to be the substances which are secreted at an accelerated 
rate when the adrenal cdrtex is stimulated by Li’s ACTH. 

Many of the symptoms of Cushing’s syndrome have been repro- 
duced experimentally by the administration of ACTH or adrenal 
cortical steroids. Of interest here is the possible appearance of osteo- 
porosis. As pointed out by Albright (1947, p. 296) : "In osteoporosis 
the decrease of bony tissue is due to the fact that the osteoblasts lay 
down too little bony matrix; that matrix which is laid down is norm- 
ally calcified.” Over the period of our experiment we did not induce 
osteoporosis. The essential condition for its appearance, however, had 
been elicited, namely, a suppression of osteoblastic activity. It seems 
entirely possible that if the suppression of bone formation were main- 
tained by prolongation of treatment with ACTH that the continued 
resorption of bone to meet the usual bodily demands ultimately might 
lead to a state of osteoporosis. This outcome would be dependent on 
at least a normal rate of resorption. The extent to which resorption is 
affected by ACTH was not ascertained from our studies. The recent 
finding of Bartter, Forbes and Albright - (1948) that treatment of 
human cases of panhypopituitarism, ovarian agenesis and osteitis 
deformans with ACTH may cause, an increased excretion of urinary 
calcium is pertinent in this connection. They explained this effect on 
the basis of continued destruction of bone in the face of failure of os- 
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teoblasts to form bone matrix when under the influence of adrenocor- 
ticotropin. 

The concept outlined above holds that the primary effect of ACTH 
on bone is suppression of bone formation rather than increased with- 
drawal of bone. In respect to bone, this concept agrees with the lij^po- 
thesis of Albright (1947) which postulates that the action of the “S” 
hormones is an “anti-anabolic” one rather than "catabolic.” Thus, 
it appears probable from a study of the effect of ACTH on bone that 
in the peripheral tissues the 11-oxysteroids inhibit the synthesis of 
protein rather than accelerate its break-down. 

In the vertebrae, where in human Cushing’s disease osteoporosis 
is more likely to occur, we did not find evidence of osteoporosis and 
only an insignificant difference in osteoblastic activity between the 
experimentals and controls. These findings do not preclude the pos- 
sibility that osteoporosis might be reproducible in the rat with ACTH. 
There is evidence that a refractory state develops during repeated 
injections of tlus hormone (Anderson, Page and Li,- 1947). Thus, with 
continued treatment the rats may have been losing their capacitj r to 
respond to the action of ACTH. 

SUMMARY 

The following changes were observed in the tibias of adult male 
rats treated with ACTH in doses of 1 and 3 mg. daily for 21 days: (1) 
retardation of chondrogenesis and osteogenesis and (2) atrophy of the 
red marrow with apparent replacement of it with fat. Variation of the 
diet which was controlled by tube-feeding did not modify these results 
significantly. Less noticeable changes were observed in the vertebrae. 
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INFLUENCE OF QUANTITATIVE THYROPROTEIN 
TREATMENT OF HENS ON LENGTH OF 
INCUBATION PERIOD AND THYROID 
SIZE OF CHICKS 1 

ROBERT S. WHEELER and EDMUND HOFFMANN 
From the Department of Poultry Husbandry 

THE UNIVERSITY OF GEORGIA, ATHENS, GEORGIA 

Previous work in this laboratory has shown that chicks hatched 
from eggs laid by thyroproteip-fed hens have greatly enlarged thy- 
roids (Wheeler and Hoffman, 1948a). The presence of goiters sug- 
gested that the chicks might be hypothyroid and therefore, might 
exhibit reduced rate of embryonic development. A preliminary study 
of this aspect of the problem established that eggs of hens fed thyro- 
protein at a dietary level of 0.02% required 6 to 12 hours longer to 
hatch (Wheeler and Hoffman, 1948b). Both of these findings have 
recently been confirmed by the independent studies of McCartney 
and Shaffner (1948). 

The present study was designed to determine the interrelation- 
ships between degree of goiterogenieity, increase in length of incuba- 
tion period, and level of thyroprotein fed with the view of attempting 
to explain the mechanisms involved. 

MATERIALS AND METHODS 

To secure eggs for hatching, 60 year-old New Hampshire hens were di- 
vided at random into four groups of 15 birds. The hens were kept on litter- 
covered floors in adjacent pens within the same house. A single male of the 
same stock was rotated daily among the pens in order to minimize genetic 
variability of the chicks. One setting of eggs, made during a pre-treatment 
period established that chick thyroid weight and mean incubation time were 
comparable among groups. Synthetic thyroprotein 2 was then added to the 
diet of three of the groups of hens at levels of 0.02%, 0.04%, and 0.08% 
respectively, while a fourth group was continued on the control diet. The 
formula of the basal diet has been published previously (Hoffmann and 
Wheeler, 1948). Eggs were set for hatching after the hens had been on this 
regime for an average of 14, 21, and 28 days. 3 Treatment was then discon- 

Rcceived for publication August 30, 1948. 

1 This study was made possible in part through a grant-in-aid allocated by a re- 
search committee at the University of Georgia from funds made available jointly by 
the Carnegie Foundation and the University of Georgia. The writers, however, arc 
solely responsible for the statements made in this report. 

2 Synthetic thyroprotein (iodinated casein) was generously supplied by Dr. W. R. 
Graham, Jr., Cerophyl Laboratories, Kansas City, Mo. This product contains 3.0% 
thyroxine according to the manufacturer’s chemical assay. 

3 Eggs were collected during a period of at least seven days before setting. Eggs 
representing an average of 14 days on treatment were laid from the 10th through the 
17th days, (10 +17)/2 =14; 21 days = 18-24; 28 days =25-31. 
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tinued and all groups were fed the control diet. Eggs were set again when the 
hens had been off the experimental diets for an average of 4, 12, 19, and 29 
days, 4 in order to determine the residual effects of treatment. 

Length of incubation period was determined by counting the number of 
chicks appearing in two-hour intervals during the hatch. A total of 866 
chicks was involved. Mean incubation time was calculated and evaluated by 
analysis of variance for subsamples with different numbers of individuals 
(Snedecor, 1946). 

On the day following hatching, a sample of chicks from each group was 
sacrificed bj' decapitation, the thyroids were quickly removed and weighed 
to 0.1 mg. on a Roller-Smith balance. Each sample contained five males and 
five females. 5 

Since it is well known that seasonal factors influence rate of thyroidal 
activity it is important to note that these observations were made from 
February through May 1948. 



Fig. 1 . Delayed Hatching of Chicks Following Administration of 
Quantitative Levels of Synthetic Thvroprotein to their Dams. 

RESULTS 

Delayed hatching effect. Length of incubation time was almost 
proportional to the amount of thvroprotein administered to the liens. 

4 An average of 4 days<=0-S; 12 days =9-15; 19 days = 10-22; 2S days <=23-32. 

* F-ay-ohl female chicks consistently show slightly larger thyroids than male chicks. 
W hen small numbers of chicks are compared it is difficult to show statistical signifi- 
cance i<f this difference. Aherle and I.andauer (1935V were able to show a significant sex 
difference with more than 900 weights. Our unpublished data confirm these findings. 
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Mean incubation time was increased 6-11, 13-21, and 23-37 hours 
respectively when thyroprotein was fed at levels of 0.02%, 0.04%, and 
0.08% of the diet (Figure 1, and Table 1). The ratio of response was 
1 : 2 : 3, whereas the ratio of treatment was 1 :2:4. 

It will be noted (Figure 1) that the maximal effect oceured almost 
at once and that there was no cumulative increase in incubation 
time after an average of 14 days on the experimental diets. 

Statistical analysis of the data shows that the differences between 
each level, as well as between treatments and control are highly sig- 
nificant except in three instances in which significance lies at the 5.0% 
level. 


Table 1. Mean time requirement for incubation of eggs collected 

BEFORE, DURING, AND AFTER THYROPROTEIN TREATMENT OF HENS 


Level 
thyro- 
protein 
in diet 
of hens 


Mean length of incubation period (Hrs.) 1 



Before 

treat- 

ment 

Ave. no. days hens 
were on exptl. diets 

Ave. no. days hens were 
off experimental diets 

14 

21 

28 

4 

12 

19 

29 

None 

519 

517 

518 

519 

518 

515 

518 

516 

0.02% 

518 

523 

530 

526 

51S 

513 

51S 

514 

0.04% 

519 

540 

540 

537 

537 

516 

517 

516 

0.08% 

518 

550 

546 

546 

544 

519 

515 

516 


1 All values for 14, 21, 28 days on, and for 4 days off the experimental diets are 
highly significantly different from each other except as noted in text. 


The delayed-hatching effect had disappeared within an average 
of 12 days after treatment was discontinued. There was, however, 
evidence of residual effect. After an average of 4 days off treatment 
mean hatching time was normal for the 0102% lot but the delay per- 
sisted at the 0.04% and 0.08% levels. The latter values are highly 
significantly different from the control value ; however, the difference 
between 0.04% and 0.08% diets is significant only at the 5.0% level. 

Other data on the delayed hatching effect involving large numbers 
of chicks (160 controls and 400 experimentals in two hatches) from 
hens fed thyroprotein at the 0.02% level, have been previously pre- 
sented (Wheeler and Hoffman, 1948b). Examination of these data 
shows the delayed hatch follows a normal curve which is somewhat 
platykurtic as compared to the curve for the control chicks. 

Goiterogenic effect. Although the thyroids of chicks from hens on 
the experimental diets were, in every case, highly significantly heavier 
than those of the control chicks, the degree of goiterogenicity was not 
directly proportional to the amount of thyroprotein in the hen's diet 
(Table 2, Figure 2). 

Differences between the 0.02% level and either the 0.04% and 
0.08% levels are highly significant for all hatches of eggs from treated 
hens as well as for the hatch of eggs collected an average of four days 
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Table 2. Mean thyroid weight of ten-chick samples (5 males, 5 females) 

BEFORE, DURING, AND AFTER TREATMENT OF THEIR DAMS WITH THTRO PROTEIN 


Level 
thyro- 
protein 
in diet 


Mean thyroid weight (mgs.) of 2-day-old-chicks 


Before 

treats 


Av. no. days hens 
were on exptl. diets 


Ave. no. days hens were 
off experimental diets 


of liens 

ment 

14 

21 

28 

4 

12 

19 

29 

None 

4.92 

3.87 

3.60 

3.62 

3.43 

5.00 

5.25 

4.S9 

0.02% 

4.90 

5.28f 

G .30 f 

5 .45 1 

5.9St 

5.25 

3.90* 

4.35 

0.04% 

5.14 

S.50f 

S.68t 

S.02f 

S.97f 

6.55 

4.20 

4.29 

0.0S% 

. 5.19 

S.35t 

7.841 

7.23f 

6.99t 

4.99 

3.75* 

4.25 


t Highly significantly heavier than corresponding control thyroids (1.0% level). 

* Significantly lighter than corresponding eontrol thyroids (5.0% level). 

after the control diets were resumed. The difference between the 
0.04% and the 0.08% level is statistically insignificant in all cases 
except one, four days after treatment ceased, when the thyroid 
weights of chicks from the 0.08% level hens were significantly smaller. 
Moreover, hens fed the 0.04% level consistently produced chicks with 
the heaviest thyroids. Next in descending order of thyroid weight 
were the chicks of hens on 0.0S%, 0.02% and control diet (Figure 2). 
Thus it is apparent the relationship between level of thyroprotein fed 



1 io. 2. Goitcrogcnic Effect in Chicks from Eggs Laid by Hcr.s Fed 
Quantitative levels of Synthetic Thyroprotein. 
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and the degree of goiterogenicity is not proportional beyond the 
0.04% level. No greater response was obtained with the 0.0S% than 
with the 0.04% level. 

Thyroid enlargement was maximal 14 days after the hens were 
put on the experimental diets and there were no further increases 
when treatment was continued for- 21 or 28 days. Thyroid weight was 
not decreased in clucks hatched from eggs laid four days after the 
experimental diets were discontinued. (This is in contrast to the ob- 
servations on mean length of incubation period, since by this time the 
effect of thyroprotein had completely disappeared in chicks from 
hens fed the 0.02% level.) By the time the hens had been off treatment 
for 12 days, thyroid weights of their chicks fell within the normal 
range. However, at the next hatching date (19 days off treatment) 
there was a consistent sub-normal depression of thyroid weight in 
chicks from hens that had been treated. The decrease is statistically 
significant for the 0.02% and 0.08% levels of treatment. 

Figure 1 reveals that increase in thyroid weight reaches a maxi- 
mum level shortly after treatment is initiated and following cessation 
of treatment there is a residual effect during the first week. This is 
followed by a sharp depression in thyroid weight below the normal 
range. Twenty-nine days subsequent to the end of treatment an ap- 
parent return to normal thyroid weight was observed. 

DISCUSSION 

The present experimental results show that hens fed supplemental 
thyroxine in the form of synthetic thyroprotein produce offspring 
which: (1) require a longer incubation period, and (2) exhibit marked 
thyroid enlargement. These two phenomena occur concomitantly and 
appear to be rather directly associated with each other and with the 
dosage used except in the instances noted. 

One of the instances concerns the response to quantitative dosage. 
Delayed hatching response appears to be almost directly related to 
dosage level whereas thyroid enlargement is proportional only for the 
two lower dosages. The lack of additional goiterogenicity with levels 
of thyroprotein in excess of 0.04% may be due, however, to inability 
of the chick thyroid to respond further. Bates, Riddle and Lahr 
(1941) have demonstrated the existence of thresholds of response of 
the (newly-hatched) chick thyroid to injected thyrotropin as well as a 
genetic difference between strains in ability to respond to progressive- 
ly larger dosages. The work of McCartney and Shaffner (1948) 
tends to support our view that the maximum goiterogenic response of 
the chick may have been reached. They obtained chick tlvyroids 1.5 
and 2.75 times heavier than the controls by feeding thiouracil to hens 
at levels of 0.1% and 0.3% respectively. These values are comparable 
to the ones obtained in the present study with 0.02% and 0.04% thy- 
roprotein. It may be reasoned that, since thiouracil is an extremely 
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potent goiterogenic agent, and since they found the higher level ap- 
proached the maximal level of tolerance of this drug, the goiters pro- 
duced in the present study were as large as could be produced. 

The other exception concerns the time of appearance and of dis- 
appearance of the two effects. At the low level of treatment the de- 
layed hatching effect appeared first after treatment started and was 
less persistent when treatment ceased, than was the goiterogenic 
effect. However, the absence of these “time” effects at either of the 
two high dosage levels suggests the differences are of minor signifi- 
cance. 

The present experimental data indicate a definite “transfer effect” 
from hens to their chicks via the egg. Riddle (1930) first advanced the 
suggestion that maternal thyroid hormone deposited in the egg plays 
a role in regulating rate of embryonic development and length of 
incubation period. Riddle (1930) and Hollander and Riddle (1946) 
observed that pigeons with natural!}' occuring goiters and sjunptoms 
suggestive of myxedema required an extra day or two to hatch. Cor- 
rection of the dams’ hypothyroidism with supplemental iodine cor- 
rected both the goiter and delayed hatching of the offspring. Landauer 
(1942) described a “maternal effect” in which Frizzle mothers appar- 
ently failed to deposit in their eggs all the substances essential for 
normal development. In a previous paper, Aberle and Landauer 
(1935) showed that day-old homozygous Frizzle chicks had larger 
thyroids than did the White Leghorns used as controls. Ukita (1919) 
reported prolonged gestation and thyroid hypertrophy in the young 
of rabbits thyroidectomized during pregnancy. In all these cases of 
maternal “transfer effects,” the dams were hypothyroid and produced 
young with enlarged thyroids which seems to substantiate Riddle’s 
hypothesis that maternal thyroid hormone is transferred to the devel- 
oping embryo. There is a striking similarity between these cases and 
the data reported here. 

Although the mechanisms involved in the production of goiterous 
offspring which require an increased incubation period are not known, 
it is possible to postulate at least three explanations. These effects 
could be due to: (1) reduced deposition of maternal thyroid hormone 
in the egg; (2) direct transfer of thyroprotein substance(s); (3) a 
combination of these two factors. 

Perhaps the most logical way of explaining the results presented 
in this paper is to assume that maternal thyroid hormone deposited 
in the egg influences the size and function of the chick thyroid and 
length of incubation period. Then, insufficient maternal hormone in 
the egg might be expected to be reflected in an increased secretion of 
thyrotropin by the chick pituitary thus causing enlargement of the 
chick thyroid. The delayed hatching could result from reduced rate 
of embryonic development or the ineffective functioning of the chick 
thyroid. Conversely an ovcrsupply of maternal hormone in the egg 
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might result in thyroid reduction. This is merely an extension of the 
Moore-Price phenomenon in which excessive maternal thyroid hor- 
mone in the egg would inhibit the thyrotropic activity of the chick 
pituitary and a deficiency of maternal hormone would have the op- 
posite effect. 

This postulation is supported by ample evidence that both the 
thyroid and pituitary of the developing chick are functional prior to 
hatching. The chick thyroid produces colloid beginning on the 10th 
day of incubation and in increasing amounts thereafter (Hopkins, 
1935). In addition, iodine determinations also indicate increasing 
thyroid activity from the 10th day to hatching (Sun, 1933). More- 
over, amphibian larvae tests indicate the presence of active thyroid 
hormone in the gland beginning on the 10th day and in quantities on 
the 18th day (Hopkins, 1935; Uhlenhuth and Ebeling, 1925). Fugo 
(1940) has shown that the. chick thyroid will differentiate in the ab- 
sence of the pituitary but its functional activity and growth subse- 
quent to the 14th day of incubation are dependent upon hypophyseal 
stimulation. He did not report that any of his hypophysectomized 
chicks hatched although one chick lived within the shell for eight 
days after the control chicks had hatched. It is thus likely that the 
presence of a functional thyroid controls the mechanism and the time 
of hatching. 

In order to reconcile the present data with the proposed hypothesis 
it is necessary to assume that the thyroidal substance (thyroxine) in 
synthetic thyroprotein is not deposited within the egg in significant 
quantities. Turner, Irwin, and Reineke (1945) were unable to detect 
the presence of thryoidal (or antithyroid) substance in the eggs of 
thyroprotein-fed hens, and McCartney and Shaffner (1948) were 
unable to modify chick thyroid weight by injecting crystalline d,l- 
thyroxine into normal hens. Examination of these data suggests 
that the thyroactive substance in synthetic thyroprotein differs bio- 
logically from natural thyroprotein (thyroid hormone) in not being 
deposited in the hen’s egg. 

It is likely that the presence of thyroid hormone or of an effec- 
tively functioning chick thyroid may be necessary for the process of 
hatching (Fugo, 1940). Furthermore, deviations in amount of thyroid 
hormone production or presence at or near hatching appear to deter- 
mine whether hatching will be delayed. For instance, Grossowicz 
(1946) was able to delay hatching proportionately to the amount of 
thiourea he injected into normal eggs. With the largest dosage the 
chicks hatched 9 to 10 days late. To return to the present data the 
tendency toward slightly accelerated hatching and concomitant de- 
crease in chick thyroid weight following the cessation of treatment 
may be explained as the result of greatly increased maternal thyroid 
activity. This would be expected to follow the removal of the inhibit- 
ing influence of thyroprotein on the hen’s pituitary. The data suggest 
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that removal of inhibition is followed by temporary overproduction 
of maternal thyroid hormone and a subsequent return to normal 
thyroid activity. Similar overstimulation of a target organ followed 
by a gradual return to normal has been noted in this laboratory when 
pellets of diethylstilbestrol have been implanted subcutaneously in 
young cockerels. Shortly after the pellet is completely absorbed, the 
testes increase markedly in size then regress to normal dimensions. 
There is other evidence in the literature that an oversupply of thy- 
roidal substance in the egg can produce in the chick tigroid the op- 
posite effect of a deficient supply. McCartney and Shaffner (1948) 
injected d, 1-thyroxine into eggs of normal hens and thereby reduced 
chick thyroid size significantly. 

The second hypothesis which cannot be dismissed completed at 
this time explains the delayed hatching and the goiterogenic phenom- 
ena as direct effects of a thyroprotein “factor” transferred to the 
chick through the egg. The main evidence which might support this 
view is the recent finding that thyroprotein fed in small quantities 
(0.002% of the diet) to growing chicks enhances the goiterogenic ef- 
fect of thiouracil (Moreng and Shaffner, 1948). The hypothesis is 
untenable at the present time, however, because of the inability to 
detect the presence of thyroidal (or antithyroid) substances in the 
eggs of thyroprotein-fed hens (Turner, Irwin, and Reineke, 1945). 
Moreover, if these effects were due to a deposited thyroprotein factor, 
neither the tendency toward accelerated hatching nor decreased thy- 
roid size (below normal) would be ejected to follow cessation of treat- 
ment of the hens. The second hypothesis could not account for these 
“over-compensations” because the assumption of a direct goiterogenic 
effect of deposited thyroprotein requires a return to normal activity 
of the embryonic chick thyroid when the hens are replaced on the 
basal diet. 

By means of a third hypothesis the effects of delayed hatch might 
be attributed to a deposited thyroprotein, or some substance as- 
sociated with thyroprotein, and the goiterogenic effect to a deficient 
maternal thyroid hormone. The evidence upon which this postulation 
is based concerns the discrepancy between goiterogenicity and delayed 
hatching at the highest dosage level, and the “time” effects of appear- 
ance and disappearance of the two effects at the low level of treat- 
ment. However, as has been noted previously, these apparent dis- 
crepancies may be accounted for within the first hypothesis by as- 
suming: (1) the chick thyroid is unable to respond further to thyro- 
protein dosages in excess of 0.04%, (2) the “time” effects to be of 
minor importance since they do not occur at either of the two higher 
treatment levels. Therefore, the first hypothesis appears to be the 
most tenable of the three suggested. 

lhc first hypothesis presumes that increase in thyroid size is the 
result of uninhibited activity of the chick pituitary. The resulting 
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secretory products of the stimulated chick thyroid are apparently 
stored or are ineffective in inhibiting the pituitary. Storage is indi- 
cated by the presence in the goiterous thyroids of greatly enlarged, 
colloid-filled follicles associated with an epithelium of low height 
(Wheeler and Hoffmann, 1948c). Evidence that the secretory prod- 
ucts are relatively ineffective is inferred from the fact that the chicks 
have lowered oxygen requirements at hatching as tested by the 
closed-vessel technic (McCartney and Shaffner, 1948). Thus it ap- 
pears that the chicks with goiters are hypothyroid. 

Whether the delayed hatching is a result of the hypothyroidism 
is not clear at this time. Delayed hatching could be due to: (1) re- 
duced rate of embryonic development as a direct result of deficient 
maternal hormone, and/or (2) ineffective functioning of the chick 
thyroid during the last half of the incubation period. Further study is 
indicated in order to elucidate these points. It should be mentioned 
however, that preliminary study in this laboratory tends to indicate 
that rate of early embryonic development (determined by somite 
counts at 36 hours) is not reduced. 

SUMMARY 

Offspring of hens fed supplemental thyroxine in the form of syn- 
thetic thyroprotein at levels of 0.02%, 0.04%, and 0.08% of the diet 
require highly significantly longer periods of incubation and exhibit 
marked thyroid enlargement. The two phenomena occur concomi- 
tantly and appear to be rather directly associated with each other and 
with the dosage emploj^ed. 

An hypothesis to explain these results and which best fits the pres- 
ent data assumes that maternal thyroid hormone deposited in the 
egg influences the size and function of the chick thyroid. The results 
appear to be due to a reduction of maternal thyroid activity and a 
failure of the thyroidal substance in thyroprotein to be deposited in 
the egg. The inhibition of the hen’s thyroid results in the deposition 
of insufficient amounts of maternal hormone in the egg which is re- 
flected in enlargement of the chick thyroid and delayed hatching. 
Release of inhibition of the hen’s thyroid when the hen is replaced on 
the control diet is followed by deposition of an oversupply of maternal 
hormone in the egg which is reflected in a reduction of the chick thy- 
roid to subnormal size and by a tendency toward accelerated hatch- 
ing. Evidence is presented which suggests that the secretory products 
formed by the enlarged chick thyroid as a result of uninhibited pitui- 
tary stimulation are stored and are ineffective. 

Delayed hatching could be due to: (1) reduced rate of embryonic 
development as a result of deficient maternal hormone, or (2) in- 
effective functioning of the chick thyroid during the last half of incu- 
bation. 
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l 

One of the striking characteristics of the adrenalectomized ani- 
mal and of the Addisonian patient is a well-known susceptibility to 
infection. 

Numerous attempts to study the effect of adrenal insufficiency 
upon the development of immunity has resulted in conflicting data. 
Interest in the relation of the adrenal cortical hormones to the devel- 
opment and release of antibody globulin in experimental animals has 
been revived in recent years by the work of Dougherty, White and 
associates (1945, 1946). These authors have noted an enhancement of 
immune titers in animals treated with cortical hormones or adreno- 
trophic fractions of the hypophysis during the period of immuniza- 
tion. Furthermore, animals previously treated with antigens, and in 
whom maximum titers had been attained, exhibited a remarkable 
augmentation of such titers following single injections of adrenal 
cortical extract or adrenotrophic hypophyseal extracts. This aug- 
mentation persisted for a period of 12 hours before returning to pre- 
injection levels. The anamnestic effect exceeded the increase in im- 
mune titers induced by non-specific protein and specific antigen ad- 
ministration. Concurrent reduction in total lymphatic tissue, coupled 
with the observation that lymphocytes of immunized animals may 
yield immune globulin, led these authors to conclude that the adrenal 
hormones effected the dissolution of lymphocytes, thus releasing 
antibody to the constituent proteins of plasma. The hypothesis is 
further supported by two observations: (1) that adrenotrophic hor- 
mone fails to affect the titratable antibody in adrenalectomized ani- 
mals; and (2) that desoxycorticosterone alone will neither augment 
initial titers nor produce the anamnestic effect after titers have been 
attained. 

The present study was designed to yield information on three per- 
tinent questions: (1) the capacity of the adrenalectomized animal to 
develop and maintain antibodies ; (2) the effect of adrenal hormone in 
the release and/or distribution of antibody protein; (3) the relation- 
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ship of the peripheral circulating lymphocyte values to the degree of 
attained immunity. 

METHODS 

Eleven normal adult cats and 3 normal adult rabbits were employed in 
these experiments. The animals were acclimatized to the laboratory for a 
period of at least 6 weeks prior to the experimental period. 

The cats received a diet of 100 gm. of “Puss in Boots” cat food and 50 cc. 
of whole milk daily. The rabbits were fed Purina rabbit pellets with supple- 
ments of fresh lettuce every other day. All animals received water ad libitum. 
Bilateral adrenalectomy was performed in two stages, the operations being 
separated by a 2-week interval. 

The animals were treated with whole adrenal cortical extract for a 10-day 
recovery period following the second operation. Thej r were then maintained 
on 1 mg. daily' of desoxycorticosterone acetate (DCA) in oil. 

The antigen employed was a 10% suspension of fresh washed sheep 
erythrocytes in normal saline. 

For the purpose of immunization, 2 series of antigen injections were ad- 
ministered intravenously. Each series consisted of 5 cc., 3 cc. and 3 cc. of 
antigen given on consecutive days. One day was allowed to elapse between 
series. 

The hemolysin titration was carried out bj r the doubling dilution method, 
employing a 2% suspension of fresh washed sheep erythrocj'tes as antigen. 
Intermediate dilutions were made where finer determinations were neces- 
sary. Two units of standardized complement derived from pooled fresh 
guinea pig sera were used in the hemolysin titrations. All dilutions, in sepa- 
rate tubes, were incubated for one-half hour in a water bath at 37.5° C., after 
which the titers were read. Titers were reread after 12 hours of refrigeration. 
The highest dilution of antisera producing complete hemolysis of the sheep 
red blood cells was taken as the end-point of these determinations. Blood 
counts, including evaluation of RBC, WBC, determination of hemoglobin by 
the photolometer method, and differential counts by the supravital tech- 
nique, were done at weekly intervals. The serum sodium levels were de- 
termined by the method of Butler and Tuthill (1931). 

EXPERIMENTAL 

Comparison of ability of normal and adrenaleclomized cats main- 
tained with desoxycorticosterone to form ariiibodies. Five cats were 
adrenalectomized aud allowed to recover as described above. In view 
of the observation of Dougherty, Chase and White (1945) that desoxy- 
corticosterone failed to influence the levels of circulating antibody, 
these animals were maintained following recovery with 1 mg. of DCA 
daily throughout the experimental period. With this dosage of DCA 
the plasma sodium values were maintained at normal levels. Seven 
days were allowed to elapse following initiation of DCA therapy be- 
fore immunization was started, in order to allow establishment of an 
adequate equilibrium. These animals, with 6 intact control cats, were 
then immunized with a 10% suspension of washed sheep erythrocytes 
in 2 scries as described above. All experimental animals survived tliis 
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immunization procedure in good condition. Marked anaphylactic 
reactions were observed in both the normal and the adrenalectomized 
cats during the second series of antigen injections. These reactions 
were characterized by-: (1) dilatation of the pupils (2) nystagmus (3) 
salivation (4) marked slowing and diminished strength of pulse (5) 
initial acceleration followed by marked slowing of respiration (6) 
apprehensive cry (7) relaxation of sphincters and mass peristalsis. 

Blood was drawn daily following the last administration of antigen 
for the determination of developing immune titers. Maximum titers 
were attained on the fifth day following the last injection of antigen. 


Table 1 


Group 

Procedure 

Animal 

Maximum 

hemolysin 

titer* 

I 

Normal Intact 

Cat ME 

1:320 



Cat NE 

1': 160 



Cat NJ 

1:100 



Cat NG 

1:80 



Cat NK 

1:40 



Cat NL 

1:40 



Average 

1 : 133 

II 

Adrenalectonmed 

Cat NN 

1:320 


(DOCA 1 mg. daily) 

Cat MN 

1:160 



Cat NF 

1:40 



Cat NJ 

1:40 



Cat NC 

1:40 



Average 

1:120 


* Highest titer developed during the experimental period. 


As can be seen in Table 1, the titers attained - by adrenalectomized 
DCA-maintained cats were equal to the highest titer exhibited by the 
control group. There' is no significant difference in the range of titers 
shown by either group. 

Following termination of the entire experimental period, DCA 
was withheld and all adrenalectomized animals died in acute adrenal 
insufficiency. 

The variation in the leucocyte levels of the normal and adrenalec- 
tomized cats throughout the experimental period is illustrated in 
Figures 1 and 2. Although the fluctuations in all leucocyte values were 
great throughout the period of observation, neither these nor the 
absolute values of lymphocytes seemed to be related to the function 
of the adrenal gland nor to the degree of immunity attained by the 
animals. 

The influence of whole adrenal extract upon the release or distribution 
of preformed antibodies in intact and adrenalectomized animals. Having 
established the capacity of the adrenalectomized animal to form 
antibodies, it was of interest to determine the effect of whole adrenal 
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DISCUSSION 

The ability of the animal organism to yield antibodies following 
adrenalectomy has been the subject of considerable controversy. The 
literature reveals that in some instances titers were increased, in 
others decreased (Jaffe and Marine, 1924; Blanchard, 1931). Perla 
and Marmorston-Gottesman (1929) report temporary augmentation, 
with subsequent reduction. More recently, Murphy and Sturm have 
reported marked increases in antibody globulin in adrenalectomized 
rabbits (1947). Chase, White and Dougherty (1946) have pointed out 
the difficulties involved in the maintenance of adrenalectomized ani- 
mals for such study and suggested that accessory cortical tissue or 
incomplete removal of glands could account for the variations re- 
ported. It has been the experience of many workers, however, that 
cats may be more readily rendered cortically insufficient than most 
other species of laboratory animals. 

The results here indicate that adrenalectomized cats maintained 
on DCA are capable of forming antibodies in magnitude equal to those 
of normal intact cats. These findings are in agreement with the results 
obtained by Eisen and associates using similarly treated rats (1947). 
It may be argued that since DCA maintains a certain degree of phys- 
iological equilibrium it may also sustain the mechanism for antibody 
formation. However, Dougherty, Chase and White (1945) have em- 
phasized that desoxycorticosterone has no effect upon the antibody 
levels of intact immunized animals nor does it elicit an anamnestic res- 
ponse in such animals. The fact that all of the adrenalectomized cats 
in our series died in acute adrenal insufficiency following withdrawal 
of DCA therapy attests the completeness of their adrenal deprivation. 
In contrast to the findings of Chase, White and Dougherty (1946), 
all attempts to produce an anamnestic response with adrenal cortical 
extract failed. The failure of whole adrenal extract to produce an 
anamnestic response in the adrenalectomized animals is particularly 
significant, for if the levels of antibody titers are to be explained by 
the rate of lymphocyte lysis (White and Dougherty, 1946), whole 
adrenal extract,- acting upon the hyperplastic lymphoid tissue of ad- 
renalectomized animals, would be expected to raise the titers to rela- 
tively high levels. 

Our inability to reproduce the anamnestic response cannot be 
attributed to either a species difference or a difference in the type of 
extract employed, since both cats and rabbits were subjected to 
trials with 3 different potent extract preparations (O.S.U., Upjohn 
and Wilson). 

Hematologic studies carried out concurrently on normal immun- 
ized cats and rabbits and adrenalectomized cats revealed wide varia- 
tions in total lymphocyte levels which have no relation to the presence 
or absence of the adrenal gland nor to the capacity of the animal to 
form or maintain specific hemolysin titers. 
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SUMMARY 

Adrenalectomized cats maintained witli DCA demonstrated an 
ability to produce antibodies at levels comparable with those shown 
by normal intact control cats. Single large doses of adrenal cortical 
extract failed to alter titers of immune body when they were estab- 
lished. There was no demonstrable correlation between the levels of 
circulating lymphocytes and the antibody titers studied. 
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NOTES AND COMMENTS 

ATTEMPTS AT PHARMACOLOGIC BLOCKADE OF THE 
SECRETION OF ADRENOCORTICOTROPHIN 

Recently, Long (1947) has reviewed the evidence in support of the hy- 
pothesis that adrenocorticotrophin is released from the hypophysis in re- 
sponse either to circulating epinephrine or to adrenergic nerve stimulation. 
Markee and others (1947) have advanced a similar theory in connection with 
post-coital ovulation in rabbits. Sawyer et al. (1947) reported that the pre- 
treatment of rabbits with Dibenamine prevented ovulation from occurring 
following the direct instillation of epinephrine into the hypophysis. 

In view of the current interest in drugs which block adrenergic responses, 
it was considered pertinent to test the effects of large doses of Dibenamine 
and tetraethylammonium chloride on the ability of the pituitary-adrenal 
axis to respond to a standard test stimulus. 

In the first experiment it was found that the intraperitoneal injection of 
25 mg./kg. of body weight of Dibenamine itself produced a 35% fall in 
adrenal ascorbic acid concentration (method of Roe and Kuether, 1943), 
which then rose steadily to normal levels within ten hours. However, since 
Nickerson and Goodman (1947) have shown that Dibenamine exerts its 


Table 1. Adrenal ascorbic acid concentrations in “dibenamized,” cold-exposed 

AND CONTROL ANIMALS ONE HOUR AFTER INTRAPERITONEAL INJECTION WITH CClj 

(3ml. /kg.) (Means and their standard errors are given for each group) 


Group 

No 

of 

Rats 

Description 

Body 

Wt. 

Grams 

Adrenal Wt. 
mg/100 gm. 
rat 

Adrenal 

Ascorbic 

Acid 

mg./lOO gm. 
adrenals 

Adrenal 

Ascorbic 

Acid 

percent 

decrease 

A 

6 

Controls 

170+6.5 

15.3+0.78 

429.5 ±22.7 


B 

G 

CCh 

167 ±3.8 

15.0 + 1.51 

287.5 ±15.1 

33 ■ 

C 

6 

Dibenamine 

169+6.2 

14.8+0.85 

450.6+18.4 


D 

5 

Dibenamine 
and CCI4 

165+7.5 

12.8 + 1 .10 

292.8+ 7.6 

35 

E 

6 

Exposed 7°C. 

168+5.0 

14.9+0.54 

468.5 + 13.0 


F 

5 

Exposed 7°C. 
and CCh 

164+7.5 

16.2 + 1 .46 

324.6 ±22.0 

31 . 


blocking action over a period of days, the feasibility of testing ACTH re- 
sponse 24 hours after injection of the drug was considered. Accordingly, in a 
second experiment six groups of animals were studied as indicated in Table 1. 
The standard stimulus was 3 ml. of CCh per kg., intraperitoneally, and 
animals were sacrificed (pentobarbital anesthesia) 60 minutes following this 
injection. Rats in groups C and D were injected with Dibenamine (25 mg. 
per kg. of bodj" weight) 24 hours before the' carbon tetrachloride test. 
Since the animals given Dibenamine were known to have had a transitory 
activation of the ACTH mechanism on the day before the test, another set of 
rats were included as controls. These were exposed to a temperature of 7° C. 
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for three hours one day before carbon tetrachloride injection. The experi- 
mental results, summarized in Table 1, show that under the conditions of 
these experiments Dibenamine does not inhibit the response of the pituitary- 
adrenal axis to a standard stress. 

It should be pointed out that, although a block of the ACTH response in 
the “Dibenamized” animals would have constituted strong presumptive 
evidence in favor of the physiologic participation of some epinephrine-like 
substance in the response, the failure to produce a block does not rule out the 
possibility that epinephrine may be involved in the release of pituitary 
ACTH. Nickerson and Goodman (1947) have described certain responses to 
epinephrine which are not blocked in the Dibenamine-treated animal. 


Table 2. Adrenal ascorbic acid response to intraferiton ea lly administered 
CCIi IN tetraethylammonium-frimed rats and controls 
(Means and their standard errors are given for each group) 


Group 

No. 

of 

Rats 

Description 

Body 

Wt. 

Grams 

Adrenal 

Wt. 

mg./lOO gm. 
rat 

Adrenal 

Ascorbic 

Acid 

mg./lOO gm. 
Adrenals 

Adrenal 

Ascorbic 

Acid 

percent 

Decrease 

A 

5 

Controls 

1G1 ±3.9 

15 .9 ± 1 .0 

4S2 .G ±19.1 


C 

0 

CC1, 

1G1 ±6.8 

13.5 ±0.8 

333.8 ± IS .7 

31 

B 

C 

TEA 

1G3±6 1 

14 ,3± 1 .0 

448.1 ±14.8 


D 

G 

TEA and CC1, 

1G7 ±5.S 

12 .9 ±0 .7 

333 .5 ± 13 .4 

2G 


In a third experiment the ACTH response was tested in animals which 
had been injected intraperitoneally with 10 mg./kg. of tetraethylammonium 
chloride (Acheson and Moe, 194G) five minutes before the injection of CCh. 
Although the injection of tetraethylammonium itself produces no significant 
fall in adrenal ascorbic acid detectable after Go minutes, it did not prevent a 
fall of 26% in animals that received C'Ch intraperitoneally (See Table 2). 
Thus, under the conditions of this experiment the chemo-rcceptor function of 
the anterior pituitary in the presence of a standard stimulus was unimpaired 
by pretreatment with tetraethylammonium ion. However, it can not be 
stated from available evidence that the autonomic ganglia of the tetra- 
cthylammonium-injccted rats were completely blocked for the duration of 
the test period. 

These results, then, neither support nor invalidate the epinephrine hy- 
pothesis of ACTH stimulation. It is relevant to remark, however, that the 
many patients who have received Dibenamine and/or tetraethylammonium 
probably have not at. the same time experienced a transitory adrenal in- 
sufficiency of pharmacologic origin. 

Jay Tr.rrF.iiM an and Jean S. Booaudfs 
From the Department of Pharmacology, 

Syracuse University College of ircdicinr, 

Syracuse, X. Y. 

(Aided by a grant from the Hendricks Research Fund of the Svracu-e College 
of Medicine.) 
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ERRATA NOTICE 

In the text of the paper by Ingle and Nezamis, entitled “The Work Per- 
formance of Adrenalectomized Rats Given Continuous Intravenous Infusions 
of Glucose” which appeared in Endocrinology 43: 261-271 (October) 1948, 
it was erroneously stated that adrenal cortex extract (ACE) was admin- 
istered in amounts of 20 cc. per 24 hours per rat. The correct amount, as 
shown in Figures *1 and 2, was 5 cc. diluted to a 20 cc. total volume per 24 
hours per rat. 
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ANNOUNCEMENT OF THE 1949 MEETING OF THE 
ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS 

The Thirty-First Annual Meeting of The Association for the Study of 
Internal Secretions will be held in the Chalfonte-Haddon Hall, Friday and 
Saturday, June 3, and 4, 1949, in Atlantic City, New Jersey. 

We are informed by the hotel management that reservations will be diffi- 
cult to secure on short notice; therefore, members are urged to make reserva- 
tions at once with Chalfonte-Haddon Hall, giving time of arrival and length 
of stay in Atlantic City. 

The scientific sessions will be held in the Viking Room, as formerly', and 
registration will be on the same floor. The annual dinner will be held in the 
Rutland Room, Friday, June 3rd. at 7 p.m., preceded by cocktails in the 
same room. 

Those wishing to present papers, which will be limited to ten minutes, 
should send title and four copies of an abstract of not more than 200 words, 
to Doctor J. S. L. Browne, Royal Victoria Hospital, Montreal 2, Canada, 
not later than March 1, 1949. It is imperative that the abstracts be informa- 
tive and complete with results and conclusions in order that they may be of 
reference value and suitable for printing in the program. 

Nominations for the Squibb and Ciba Awards and the Ayerst, McKenna 
and Harrison Fellowship should be made on special application forms, which 
may be obtained from the Secretary-Treasurer, Doctor Henry H. Turner, 
1200 North Walker, Oklahoma City 3, Oklahoma, and filed with the Secre- 
tary not later than March 15, 1949. 


POSTGRADUATE COURSE IN ENDOCRINOLOGY 

A postgraduate course in Endocrinology, sponsored by the Association 
for the Study of Internal Secretions, will be held at the Skirvin Hotel in 
Oklahoma City, February 21-26, 1949. 

The faculty will consist of outstanding clinical and research endocrinol- 
ogists of the United States and Canada. The program will consist of clinics 
and demonstrations and will be a practical one of equal interest to those in 
general medicine and the specialists. 

The fee will be $100 for the entire course and applications will be accepted 
in the order received. Applications should be directed to Henry II. Turner, 
M. D., Secretary-Treasurer, 1200 North Walker, Oklahoma City, Oklahoma. 
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NOTES ON THE THIRTIETH ANNUAL MEETING 
OF THE ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS 

The Thirtieth Annual Meeting was held in the Palmer House, Chicago, 
Illinois,' June 18 and 19, 1948. 

Forty-seven papers were presented and forty-four papers were read by 
title. Total registration was 458, equally divided between members and non- 
members. Two hundred, twenty-two were present at the dinner at which 
the presidential address was given by Doctor C. N. H. Long. 

Actions of general interest taken by the Council are as follows: 

(1) It was the decision of the Council to hold a Postgraduate Assembly in 
Oklahoma City, February 21-26, 1949, similar to the one which was so well 
received in Los Angeles in 1948. 

(2) The Council approved the indexing and publication of Endocrinol- 
ogy, Volumes 1 to 40, inclusive. These will be published by Mr. Charles C 
Thomas, in two editions, one including the indices of Volumes 1 to 25, and 
the other, Volumes 26 to 40. 

(3) It was the Council's decision to publish the transactions of the 
American Goitre Association. 

(4) The Council accepted with much regret the resignation of Doctor 
Earl T. Engle, Chairman of the Publications Committee, and appointed 
Doctor Warren 0. Nelson to this office. Appreciation' was expressed to 
Doctor Engle for his work as chairman of this committee. 

(5) The Committee on Registry of Endocrine Pathology was re-ap- 
pointed to negotiate with the Scientific Director of the American Registry 
of Pathology regarding the formation of an Endocrine Registry at the Army 
Institute of Pathology. A sum not to exceed 8750.00 was appropriated for 
necessary expense for one year. 

(6) It was voted to appropriate 8250.00 for 1949 to the National Society 
for Medical Research. 

(7) Due to increasing cost of labor, paper and all printing materials, and 
the enlargement of the Journals, the dues were increased to $11.00 per year 
which includes subscription to either of the Journals, with a combination 
offer of 816.00 for both Journals. 

(8) The Council voted that the thirty-first Annual Meeting be held 
June 3 and 4, 1949, in Atlantic City, New Jersey. 

(9) A list of the 1948-49 Officers, Council and Committees follows: 


Officers 


President 
President-Elect 
Vice President 
Secretary-Treasurer 


Frank A. Hartman 
Carl R. Moore 
Gregory Pincus 
C. N. H. Long 
Paul Starr 
Edward A. Doisy 


John S. L. Browne 
Edward A. Doisy 
James H. Means 
Henry H. Turner 


Roy G. Hoskins 
E. Perry McCullagh 
Fuller Albright 
Mayo Soley 
John S. L. Browne 
James H. Means 


Council 


Henry H. Turner 
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Publications Committee Awards Committee Nominating Committee 

W. 0. Nelson, Chairman P. E. Smith, Chairman John E. Howard, Chair- 
Roy Hoskins E. C. Kendall man 

E. Perry McCullagh F. D. Lukens E. B. Astwood 

Edward A. Doisj' Leo T. Samuels 

Lawson Wilkins 


Committee on Registry of 
Endocrine Pathology 

E. W. Dempsey, Chairman 
Evelyn Anderson 
W. U. Gardner 

Committee on Postgraduate Course 
in Endocrinology 

Henry H. Turner, Chairman 
John S. L. Browne 
Lawson Wilkins 


Membership Committee 

C. N. H. Long, Chairman 
George W. Thom 
Willard 0. Thompson 

Committee on Nomenclature 

Elmer Sevringhaus, Chairman 
Hans Setye 
Thomas McGavack 


Considlant Committee to Food and Drug Administration 

A. Kenyon, Chairman 
George Sayers 
J. P. Pratt 



ASSOCIATION AWARDS FOR 1949 

THE E. R. SQUIBB AND SONS AWARD 

The E. R. Squibb & Sons Award of $1,000.00 was established in 1939, 
and was given first in 1940 to Dr. George W. Corner; 1941 — Dr. Philip E. 
Smith; 1942 — Dr. Fred C. Koch; 1943 — no award was given; 1944 — Dr. E. 
A Doisy; 1945 — Dr. E. C. Kendall; 1946— Dr. Carl G. Hartman; 1947 — 
Drs. Carl F. and Gerty T. Cori; 1948 — Dr. Fuller Albright. A special com- 
mittee of five members of the Association chooses an investigator or in- 
vestigators in the United States or Canada for one of the best contributions 
to endocrinology.- 

THE CIBA AWARD 

The Ciba Award to recognize' the meritorious accomplishment of an in- 
vestigator not more than 35 years of age in the field of endocrinology was 
established in 1942, but no recipient was selected in 1942 or 1943. In 1944 the 
Award was presented to Dr.' E. B. Astwood; 1945 — Dr. Jane A. Russel; 
1946 — Dr. Martin M. Hoffman; 1947 — Dr. Choh Hao Li; 1948 — Dr. Carl 
G. Heller. The work cited may be either in the field of preclinical or clinical 
endocrinology. The Award is for $1,200.00. If within 24 months of the date 
of the Award, the recipient should choose to use it toward further study in a 
laboratory other than that in which he is at present working, the Award will 
be increased to $1,800.00. 

THE AYERST, McKENNA & HARRISON FELLOWSHIP 

The Ayerst, McKenna & Harrison Fellowship was first awarded in 1947 
to Dr. Samuel Dvoskin, and in 1948 to Dr. Ernest M. Brown, Jr. This Fel- 
lowship is designed to assist men or women of exceptional promise in their 
progress toward a scientific career in endocrinology. The Fellowship may be 
awarded to an individual who possesses the Ph.D. or M.D. degree or to a 
candidate for either of these degrees. The stipend for the Fellowship Mil vary 
in accordance with the qualifications of the appointee, but Mil not exceed 
$2,500.00 The Committee will, in reviewing the proposed program of study, 
consider the amount of time which the Fellow intends to spend in course 
work and/or teaching. The nominee must present evidence or scientific 
ability as attested by studies completed or in progress and/or the recom- 
mendation of responsible individuals; submit a program of proposed study; 
indicate one or more institutions where the proposed program shall be car- 
ried out; submit statements of approval from the investigators with whom 
he proposes to conduct his research. 

Each member has the privilege of making one nomination for each award. 
A nomination should be accompanied by a statement of the importance of 
the nominee’s contributions to endocrinology and by a bibliography of the 
nominee’s most important publications, and reprints, if possible. The nom- 
inations should be made on special application forms which may be obtained 
from the Secretary, Dr. Henry H. Turner, 1200 North Walker Street, Okla- 
homa City, Oklahoma, and returned to him not later than March 15, 1949. 
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